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I N T R 0 D U C f I G N 
1 
Strecker in 1850, in an attempt to prepare lactic 
acid by the acid hydrolysis of the aainonitrile, derived from 
benzaldehyde, obtained alanine. This observation became of 
particular interest since it not only provided the first 
reported synthesis of an o^-amino acid but it also provided 
2 
a general method for the synthesis of amino acids , 
R - CH - OH HON 
I 
NH, 2 
NHj 
R - OHO 
R - OH 
1 
- ON 
Mg 
1 
Acid or 
^ Alkali 
R - GH - COOH 
1 
HH 2 
Strecker synthesis provides an elegent method for the 
conversion of aldehydes into the corresponding amino acids 
containing one carbon atom more than the parent compound. A 
number of amino aoids have been synthesised by this method. 
Many modifications of this synthesis have been introduced 
for the purpose of increasing the relatively poor yield of 
the crucial amino-nitrile intermediate and also with a view 
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Tiemann^ in 1881 studied tile Strecker synthesis in 
detail and showed that instead of treating aldehyde-ajnmonia 
with HON, it is much better to convert the aldehyde into the 
corresponding cyanohydrins, which when treated with HH_ give 
the corresponding amino nitriles. This also showed that the 
hydroxy gropp of cyanohydrin is easily replaceable with amino 
group. 
I ^ I 
OH NH^ 
Using this modification Tiemann and his collaborators 
synthesised a number of amino acids. 
5 
Gulewitsch and Wasmus used ammoniiim cyanide for the 
synthesis of aminonitriles from aldehydes. Curtius used a 
solution, named after him, of equimolar HH.Cl and KGN. 
A further improvement of the Curtius method was 
7 
suggested by Zeilensky and Stadnikov who recommended the 
use of concentrated aqueous NH.Cl in excess which is mixed 
with the aldehyde in the presence of ether and KGN is 
J 8 
gradually added. Latjser Gocker and Lapworth worked out 
details of Strecker synthesis fonfeetting optimum yields of 
- 4 -
q 
the more soluble amino acids. G-audry^  showed that Strecker 
synthesis could be further improved if the aldehydes are 
converted to their bisulphite addition products before 
treatment with cyanide, thus the reaction proceeds to give 
higher over-all yields. 
The above modifications of Strecker synthesis 
represent important procedural developments vshich led to the 
preparation of amino acids in comparatively better yields and 
made the reaction convenient to be carried out. However, 
some major modifications of the Strecker synthesis were 
introduced by Pinner and his collaborators in 1887. Bergs in 
1935 and Bucherer and his associates in 1934, which have 
proved to be of great significance in the synthesis of amino 
acids and require detailed consideration. 
A. Reaction of Gyanohydrins with Urea, 
In view of Tiemannts success in preparing amino 
nitriles by the action of ammonia on cyanohydrins. Pinner 
10 
and his collaborators in 1887.thought that it might be 
possible to use urea instead of NH-. in the Strecker synthesis 
and the urea derivatives of nitriles thus obtained could be 
hydrolysed to the correspc^^ing amino acids. They succeeded 
in their first assumption and ebserved that cyanohydrins of 
- 5 -
the tjrpe R-CH-ON, in which E is an aliphatic radical of at 
OH 
least four carbon atoms, a phenyl radical, or the radical 
Ph-CH=50H, reacted with urea to giveoC-ureidonitriles in good 
yields. However, tfeey did not succeed in their second assump-
tion and therefore whene<-ureidonitriles were heated with 
mineral acids, 5-substitutea hydantoins were obtained 
instead of the amino acids. For example, benzaldehyde cyano-
hydrin reacts in the following manner to give 5-phenylhydan-
toin. 
ON NHo CN 1 fa 
CgH^ 
1 
- GH 
1 
+ 
1 
GO 
1 
1 
OH 
1 
G.E^ - GH 6 5 I 
NH CO 
.GO ^  NH 
C^H^ - GH I 
'6"5 NH - GO 
This contribution by Pinner and his associates 
represent one of the excellent earlier works on hydantoins. 
- 6 
11 
Later on Pinner and Spilker showed that phenylhydan-
toic acid when subjected to prolonged heating with alcoholic 
KOH could be converted into phenylaminoacetic acid. 
Ph-CH-GN Ph-CH-COOH Ph-GH-GOOH 
I I alc»KOH I 
M-CO-NHo * NH-GO-NHo (Heat) M ^ 
A reaction of this type was also observed in 1914 by 
12 Oiamician and Silber in connection with their studies on 
the action of light on acetone and HGN and methylethyl ketone 
and HON, They reported that an aqueous solution of methyl-
ethyl ketone and HGN, when exposed to light for 2 years gave 
ammonium oxalate, oxalic acid amide, urea, 5,5-methylethyl-
hydantoin and \>C -methyl- «<l-hydroxybutyramide. 
B» Reaction of Cyanohydrins with Ammonium Carbonate. 
13 In 1933 Bergs observed that v\faen an aldehyde or a 
ketone having two or more carbon atoms in the molecule is 
heated with a cyanide and XNH^)2C0, or NH, and GOg in the 
presence of H„0, preferably ^^ nder a pressure,of COp of 
several atmospheres in the presence or the absence of a 
- 7 -
s o l v e n t , s u b s t i t u t i o n p roduc t s of hydan to ins a r e obtained, 
Thus equimolecular amounts of a c e t o n e , KGN and ammonium 
carbonate ^stien hea ted i n aqueous s o l u t i o n a t 80°C for 
4-6 hours under a GOp p r e s s u r e of 2-10 atmospheres 
5 ,5 -d imethylhydanto in i s o b t a i n e d . 
(CH^)2C0 + KCN + imi^)^QO^ 
2^-10 atmosphere 
+ H2O 4-6 h r s . a t 80« 
OH. 
I -
HN 
•0=0 
I 
NH 
ft 
Bergs and h i s a s s o c i a t e s syn thes i sed a number of 
hydanto ins by t h i s method. Th i s method was a l s o used for the 
p r e p a r a t i o n of a s e r i e s of hydanto ins by S l o t t a and 
coworkers who s t u d i e d t h e r e a c t i o n i n some d e t a i l and sugges-
ted the fo l lowing course of r e a c t i o n s a s a p o s s i b l e mechanism. 
R 
\ 
// 
R' -CH. 
C-OH 
R 
\ 
/ 
0=0 
R'-CH, 
M . 
R m^ R NH^ 
HCH / \ 
R'-GHg ON 
HCO-
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However, the usefulness of hydantoins as a preparative 
method of amino acids was recognised only in 1934, when 
Bucherer and his associates ^^  demonstrated that 5-su'bsti-
tuted hydantoins could be readily prepared in vdry high yields 
upon heating cyanohydrins with ammonium carbonate either at 
60-70° or at room temperature in water or benz;ene. 
R-CH-GN + (raJoCO- > R-CH CO 
OH 
NH NH 
\ / 
0 
II 
0 
They fu r the r ^owed t h a t aminoni t r i les when t rea ted 
with ammonium carbonate give 5-subst i tu ted hydantoins in 
excel lent y ie lds* 
R-OH-CN + (NH^)200_ > R-CH GO 
2 HIT NH 
\ / 
C 
If 
0 
9 -
17 Later Bucherer and Steiner , reported that amino-
nitriles give nearly quantitative yield of hydantoins when 
treated with GOp in aqueous solution. 
R R 
I I 
.R - C - GF + GO2 > R-0 CO 
I 
NH NH 
\ / 
G 
II 
0 
In an attempt to find out the mechanism of this reac-
tion Bucherer and Steiner treated benaaldehyde cyanohydrin 
with ammonium carbonate in aqueous solution and because of 
its low solubility in water they expected to get the inter-
mediates which may indicate the course of reaction. From 
the mixture of resinified impurities and difficultly sep^ erable 
products, they obtained the following three compounds. 
GgH^ - GH 
m - GO 
I 
GO - NH 
NH - GO - fflg 
G^Hp - GH B. 
CO - NH 
- 10 -
HH - CO - m 
C^H^ - CH \ G - C^H^ C. 
6 5 ^ / 6 5 
GONHg NG 
In view of this they suggested the following mechanism for 
the formation of these compounds. 
They poatulated that primQarily an aminonitrile is 
formed from the cyanohydrin, which then reacts with COp to 
give carbaminic acid. Since the carbaminic aci& is not 
stable, therefore, this intramolecularly cyclises with the 
nitrile to give an unstable intermediate which immediately 
undergoes a rearrangement to give the compound A, 5~phenyl-
hydantoin. 
R 
1 
R 
1 
R - C - GN R - C - GJf 
1 
OH + NHg 
. ^ 2 
R R 
1 1 G s N 
R ^ C « CN -1- GOo R - C ^ 
. 1 ^ 1 OH 
NH - G = 0 
R 
1 1 
1 
R - G — G = 0 
f 
R - G G - NH 
1 1 
HN MI 
1 1 
ES 0 
\ / 
G 
II " 
0 
\ / 
G 
u 
0 
*J\^ 
- 11 -
The formation of compound B,e<-ureidophenylacetamide 
is explained by the condensation of excess ammonia with the 
unstable carbaminic acid cyclic intermediates 
R 
1 
R 
1 
R - C C = 
a 1 
m R 
- C « CO - HHo 1 '^ 
1 I NH - CO - m^ 
HH 0 + H 
\ / 
C 
II 
M g 
B 
0 
They have also explained formation of the compound C 
through the same unstable cyclic carbaminic acid intermediate 
which may "condense with another aminonitrile to give a di-
substituted urea. 
R ' R 
I I 
R - C C = EH R R - C-COEHo-^I 
I + H9 - C - R 
HN 0 H I 
2 
» NH-CO-M-C-R 
C 
12 -
Bucherer and Steiner a lso pointed out the difference 
in the course of r eac t ions in aqueous and non-aqueous solu-
t i o n s . They reported tha t i n aqueous solut ion hydantoins are 
produced while in non-aqueous so lu t ion such as e the r , compounds 
s imi lar to the d i subs t i tu t ed urea are formed. 
ifl 
Bucherer and Lieb through in tens ive s tudies deve-
loped t h i s reac t ion in to a general method for the synthesis 
of hydantoins vliich gives excel lent y i e l d s . They found that 
SOfo alcohol provided the best medium .for the reac t ion was to 
be car r ied out and the optimum temperature for the reac t ion 
was 45-60°. Above 60° d i s soc ia t ion of ammonium carbonate i s 
high and therefore i f the reac t ion i s to be' carried out a t a 
higher temperature then i t has to be done in a closed vesse l 
under p re s su re . I f the reac t ion i s to-be car r ied out at 50°, 
then t h i s can be done in an open v e s s e l . However, the use of 
higher temperature i s of no advantage and i n fact i t leads to 
grea te r r e s i n i f i c a t i o n and lower y i e l d s . They also developed 
the following modifications of the r e a c t i o n : 
(1) Cyanohydrins of aldehydes and ketones were allowed to 
reac t with (HII.)pCO_ a t 45-60° in 50^ alcohol . Excel-
l e n t y ie lds of hydantoins were obtained, except in the 
case of benzaldehyde and phenylacetaldehyde which gave 
very poor y i e l d s , formaldehyde and acetaldehyde gave 
only resinous products . 
- 13 -
(2) They modified the above method and suggested heating 
of aldehydes or ketones, HON or KGN and (m.)pGO-, at 
50-60°C in 50^ alcohol when much better yields were 
obtained than when cyanohydrins were used as starting 
materials. They showed that even those aldehydes 
which gave poor yields by the cyanohydrin lae thod gave 
better yields by this method. For example benzalde-
hyde gave 5-phenylhydantoin upto 30?^  and phenylacetal-
dehyde gave benz^aiiydantoin in 20-255^ yield, while 
formaldehyde and acetaldehyde gave only dark resinous 
products. 
(3) Bucherer and Lieb also showed that the method could 
further be improved. If bisulphite addition compounds 
of aldehydes and ketones were used higher yields were 
obtained and surprisingly enough they noted that the 
yields of the hydantoins of even those ketones which 
do not form bisulphite addition compounds are increased 
in the presence of bisulphite. Benzaldehyde and phenyl-
acetaldehyde which gave poor yields by the previous 
methods gave much higher yields by this method. How-
ever, formaldehyde and acetaldehyde still did not give 
the hydantoins. Another advantage of this method is 
that the hydantoins obtained are purer than those 
obtained by other methods. 
- 14 -
Bucherer me thod for the synthesis of hydantoins received 
great attention by a number of workers because of its simpli-
city and high yields. Henze and his associates" ^"" played 
an important role in developing this method into a general 
method for the synthesis of hydantoins, which can be applied 
to all aliphatic and aromatic aldehydes and te tones and also 
for the cyclic ketones with the exception of formaldehyde 
and certain unsaturated aldehydes. In fact, because of the 
wide applicability of the Bucherer synthesis it has been 
proposed as a method for identifying ketones by Henze and 
Speer^^. 
Q 
Gaudry and his associates succeeded in further improv-
ing the Bucherer synthesis with respect to the aldehydes which 
gives low yield of hydantoins. According to him the use of 
sodium bisulphite with potassium cyanide and ammonium carbonate 
gives h i ^ yields of hydantoins. 
In view of the simplicity and high yields of the 
hydantoins obtained through this synthesis. Bucherer and his 
associates further suggested the importance of this method 
not only for the synthesis of hydantoins but also for the 
synthesis of amino acids and they showed that hydantoins when 
subjected to hydrolysis with SOfo HpSO- gave amino acids in 
excellent yields. 
- 15 -
The use of hydantoins for the synthesis of amino-acids 
4.7-*54. 
had "already been well-known but it was only, after the 
development of the successful Bucherer synthesis of hydantolns 
that the hydantoins become of great practical value for the 
laboratory as well as large scale commercial production of 
amino acids. However, the only drawback of this synthesis is 
the commercial availability of the precursor aldehydes. 
Ihere^ver they are available, the Bucherer modification of 
Strecker synthesis is the best available method for the 
synthesis of amino-acids. 
Bucherer synthesis of amino-acidihas also been very 
successfully used for the synthesis of isotopically Ipsbelled 
amino acids in which the amino nitrogen as well as the carboxy 
carbon can be labelled by taking isotopic NH, and the cyanide. 
G, o<-Halo Nitriles. 
o^-chloro and «<-bromonitriles are quite well known and 
are readily prepared from <«halo acid amides by distillation 
w i t h PpOf-. 
R - OH -
\ 
X 
CO - HHg R ~ GH - GN 
1 
X 
P2O5 
16 * 
oC-halonitr i les can.alsd be prepared from the co r r e s -
ponding cyanohydrins by the replacement of the hydroxy group 
by the ac t ion of phosphoi^us ha l ides or S0C1«: 
• c. 
R - CH - GN 5 » R - GH - GU 
The cyanohydrins, however, are themselves very react ive 
towards ammonia, ammonium carbonate and urea, therefore , there 
would be no advantage in the use ofoC-haloni t r i les i f they 
were to be prepared from cyanohydrins or the ot-haloacid.amides, 
which can themselves undergo condensation feact ions with 
ajmnonia, ammonium carbonate and urea* 
The a l i p h a t i c n i t r i l e s with t h e i r activeoC•^methylene 
group can be expected to undergo halogenation r e a d i l y , how-
ever, halogenation of n i t r i l e s has not received much a t t e n -
t i o n . Ea r l i e r none of the simple saturated a l i p h a t i c n i t r i l e s 
had been halogenated and only a few e^-ha loni t r i les were known, 
A systematic study of the bromination of saturated 
a l i pha t i c n i t r i l e s was reported by Merckx, Yerhulst and 
Bruylants ' ' ' ' . They reported p repara t ion , pu r i f i c a t i on , 
physical c h a r a c t e r i s t i c s and some chemical reac t ions of 
- 17 -
o<'-bromonitriles of C. to 0^. carbon atoms. Merckx and 
•56 Bruylants also reported the bromination of nitriles at 
100°, by the addition of bromine in the presence of sulphur 
as catalyst. 
57 Spence and Butterbaugh-^ patented a method for the 
preparation ofo^*-chloro and e<*-brom6nitriles in which a 
gaseous mixture containing the vapours of a saturated ali-
phatic nitrile together with chlorine or bromine were passed 
through a reaction zone at a 250-500 . 
58 Ott and Mttus"^ in 1945 reported synthesis of chloro-
acetonitrile from dichloroacetylene and ammonia for which they 
suggested the following me.chanism: 
CIC s CCl + NH^ > GIGH = 0(1^2) CI —> GIG s GNHg, 
CICH2 C s N 
5Q G-ray and Burgess -^  obtained a patent in 1947 for 
developing a method of chlorination of aliphatic nitriles 
with numerous chlorinating agents in presence of catalysts 
such as platinized asbestos, silver chloride on asbestos and 
silver chloride on silica gel at 320-440°. For example, they 
- 18 -
prepared t r i c h l o r o a c e t o n i t r i l e , from a c e t o n i t r i l e using 
SO2GI2 or Gig as ch lof ina t ing agents when 61-84^ of t r i c h l o r o -
a c e t o n i t r i l e was obtained, 
Stepanov and Shirokova have foimd tha t chlor inat ion 
of methyl and e thyl h i t r i l e s can be ca r r i ed out much b e t t e r i f 
they are f i r s t converted in to R-GN,HG1 adduct by sa tu ra t ing 
the n i t r i l e with HCl gas and then passing chlorine gas . They 
reported synthesis of GGl,C3a and OH^GGlgCN. 
fil fip 
. Couvreuw and Bmiylants and Bruylants studied the 
ac t ion of l-brorao-succinimide with a l i pha t i c n i t r i l e s and 
reported formation ofcxJ-brominated de r iva t ives as main reac-
t i on products along with some S-isomers, which were formed 
only in small y ie lds even when benzoyl peroxide was used as 
c a t a l y s t . Ace ton i t r i l e and sulphur as ca ta lys t gave ^2fo 
bromoacetoni t r i le , EtGN gave 45?^  of GH,-GH-CN,(GH^) CHGH gave 
Br 
BOfo.ot (CH^)2-C-CN, p r o p i o n i t r i l e gave Alfo of G2H -^CH-CN 
Br Br 
Some work on the halogenation of n i t r i l e s has also been 
reported by Ghigi -^ . 
- 19 
Teter and Bauer reported chlorination of butyronitrile 
at 60-70 in the presence of light from mercury -vapour lamp 
when dichloro-, trichloro- and tetra chlorobutyronitriles were 
65 
obtained. Similarly, I#(x», Parbenina obtained a patent for 
the chlorination of aoetonitrile in the presence of natural or 
artificial light as catalyst which accelerates chlorination. 
G-avriloff reported synthesis of *<!-bromolaurSnitrile 
by the bromination of lauronitrile in the presence of sulphur. 
He also reported thate<-bromolauronitrile when subjected to 
dry distillation with pyridin ga»e cis- and trans-isomers of 
PC -do de c enoni t ril e . 
6? 
Bruylant in 1950 reported that Me-GH = GH.ON when 
treated with N-bromosuccinimide in CCl. solution gavg 
CH„-CH = CH-GN, but in the absence of GCl. gave MeCH=C-GN, 
, 2 4 , 
Br Br 
67 
Denton and Bishop reported that nitriles are formed 
by treating cyoloolefins, like mono-, di-, or trimethyl 
cyclohexenes or methyl - 1,2,3,4-tetrahydronaphthalenes in 
vapour phase at 925-1075°!' with NH^ in the presence of a 
catalyst consisting of ^Qfo by weight of MoO, and 9O9C activated 
AI2O5. 
20 « 
NaCN, formamide and chloromethyl iodide when heated 
in a glass sealed tube a t 155-5?'' with f a k i n g for 2*5 h r s . 
68 gave cyanomethyl chlor ide . 
Gitel and h i s associa tes ^ prepared oc-iodo-substituted 
a l i pha t i c n i t r i l e s by the act ion of ^C«cytooalkyl arene-
sulfonates with a l k a l i metal iodides in t r i e thy lene g lycol . 
From the foregoing discussion i t i s quite clear that 
oC-s.halonitriles can now be made in la rge quan t i t i e s as 
cheaply ava i l ab le s t a r t i n g mate r ia l s for the commercial 
synthesis of amino ac ids , therefore , i t was considered worth-
while to carry out s tud ies on the react ion of < - h a l o n i t r i l e s 
with ammonia, ammoni-um carbonate and Urea, 
- 21 -
II. PRESBFP WORK 
A, ^ -Bromo- e<-~phenylacetonl t r i le ; 
70 <<-TDromo-oC-plienylacetonitrile was p repared by Reimer. 
71 72 I t has been used as a War gas * because of i t s lachryma-
t r i c p r o p e r t i e s , l o r t he p r e s e n t work «<f-bromo-oC-phenyl-
a c e t o n i t r i l e was prepared by t h e brominat ion of benzyl 
7'5 
cyanide acco rd ing t o the method of Robb and Schu l t z , with 
the only change t h a t a t the end of the r e a c t i o n , n i t r o g e n 
gas was not passed through t h e r e a c t i o n mix tu re and t he r e fo re 
a small q u a n t i t y of hydrobromic a c i d which remained i n the 
r e a c t i o n mixture r e a c t e d w i th 'K-b romo-oC-pheny lace ton i t r i l e 
t o f orm «<-bromo-«i;-phenylacetimino bromide which c r y s t a l l i s e d 
on coo l ing and was removed by f i l t r a t i o n . 
HBr 
Br Br Br Br 
f 
CgHc-GH - CK 
' + HBr 
Br 
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oC-brcano- o<i-phenylacetimino bromide i s a colourless 
c ry s t a l l i ne product which melts with decomposition over 200** 
70 
and has been ful ly character ised by Reimer . 
D i s t i l l a t i o n of od-bromo*- t / ' -phe iy lace ton i t r i l e under 
reduced pressure led to extensive decomposition and therefore 
A?-bromo- o<:;--phenylacetonitrile was used without further 
pur i f i ca t ion in the r eac t ions , Robb and Schultz have also 
used o^J-bromo- ^ -pheny lace ton i t r i l e obtained as such for the 
preparation of d i fheny lace ton i t r i l e without any fur ther pur i -
f i ca t ion , s ince the product obtained i s su f f i c i en t ly pure, • 
However, Goe and h i s associa tes pur i f ied o<^-bromo- bC -phenyl-
a c e t o n i t r i l e by d i s t i l l i n g the technical grade mater ia l a t 
111** and 0,8 mm pressure . Banfield d i s t i l l e d o(^-bromo-6,^; -
phenylace ton i t r i l e a t 25-58<' at 20 mm pressure . \%ien exten-
sive decomposition took place and a product of 50 io pur i ty 
containing benzyl cyanide was obtained. Pur i f i ca t ion of 
(X;/-bromo-o(J-phenylacetonitrile by d i s t i l l a t i o n under 
75 
reduced pressure has also been reported by Banfield and 
Kinner . 
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B« Oondensation of ^-Bromo-af-—pheMylacetonitrile with Urea; 
Since the reaction of P<-bromo-cK-phenylacetonitrile 
(I) with urea proceeds with extensive resinification and 
under different conditions different types of products are 
obtained, the present studies were carried under the follow-
ing four different conditions. The conditions were designed 
with a view to determine optimum conditions for the reaction 
to be carried out and also to get different types of 
products, which may throw light on the mechanism of* the 
reaction. 
(i) oC-Bromo-*<-phenylacetonitrile (l) and urea were 
heated at the water bath temperature for five 
hours vd-thout the use of solvent, 
(ii) <<-Bromo-(»<-phenylacetonitrile (I) and urea were 
mixed and allowed to stand for one week and then 
the reaction was completed by heating oh water 
bath at TO-SO^G for nine hours, without the use 
of solvent, 
(iii) An aqueous solution of urea was gradually added 
tooC-bromo-o^'-phenylacetonitrile (I) in 40 
minutes and the reaction mixture was heated on 
water bath for twenty hours. 
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(iv) *C,-Bromo-Nf-phenylacetonitrile ( I ) was added to 
the urea so lu t ion dissolved in 505^  alcohol 
during the course of 45 minutes and then 
refluxed for t en hours on^  a bo i l i ng water bath. 
According to each of the above specif ied 4 s e t s of 
condit ions a number of reac t ions were car r ied out so that 
the r e s u l t s were reproduceable and suff icient quan t i t i e s of 
products were obtained for the purpose of chemical character-
i s a t i o n , Tollowing i s an account of the var ious products 
obtained by the condensation of o^*-bromo-<<-phenylacetonitrile 
with ui«a under the above specif ied condi t ions . 
Condition - I 
?ifater soluble products were extracted from the reac -
t i on mixture with hot water and the residue was taken in 
alcohol* The aqueous as well as the alcoholic solut ions 
were subjected to f rac t iona l c r y s t a l l i s a t i o n when the follow-
ing products were obtained and charac ter i sed . 
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1« ^-Ureldo-oC~phen.ylacetonitrlle ( I I ) , CQHgN^O^tin.p.nS-ITg^i** 
oC-Ureido-wC-phenylacetonitrile wAien t rea ted with cold 
cone, HpSO. was converted in to ec~ureido-<~phenylacetamide 
( I I I ) , 
I I when refluxed with hydrochloric acid gave 5-pherQrl-
hydantoin. An authent ic sample of I I was synthesised by the 
11 
method of Pinner and Spilker thi^ugh the condensation of 
benzaldehyde cyanohydrin and u rea . The produc't obtained 
melted a t 178-179'' for which Pinner reported melting point 
178°. 
II was found identical with the authentic sample in 
m.p., mixed m.p. and superposable infra-red «>M|irtM?1«iiiv'-cl;t 
5 5 I 2 
HH-CO-NH, 
(III) 
Cold 
HCl 
6 5 I 
KH-GO-HH, 
(II) 
HgNoCO.Mg 
j6 5 
-> GH 
I 
II 
0 
(V) 
GO 
I 
m 
6 5 , 
OH 
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2 , oC-Ure ido - eg-^'Uhenylacetamide ( I I I ) . CQH^ ^N 0 ^ , m.p,217-218*'d . 
The compound I I I when h e a t e d w i t h h y d r o c h l o r i c a c i d was 
c o n v e r t e d i n t o 5 - - p h e n y l h y d a n t o i n ( V ) . 
I l l when t r e a t e , d w i t h sodium h y d r o x i d e s o l u t i o n ammonia 
was e v o l v e d and t h e a l k a l i n e s o l u t i o n when a c i d i f i e d gave 
5 - p h e n y l h y d a n t o i c a c i d ( I V ) . 
An a u t h e n t i c s ample o f o<?-Ureido~ c < - p h e n y l a c e t a m i d e was 
made by t h e method o f P i n n e r and S p i l k e r which m e l t e d a t 
2 1 7 - 2 1 8 ° d , a l t h o u g h P i n n e r and S p i l k e r h a v § r e p o r t e d m . p . for 
t h e above compound a s 223*'d. M e l t i n g p o i n t o f I I I was i d e n t i -
c a l w i t h t h a t of t h e a u t h e n t i c sample and i t gave no d e p r e s s -
i o n i n a mixed m e l t i n g p o i n t d e t e r m i n a t i o n . 
The U l t r a v i o l e t and I n f r a r e d s p e c t r a were a l s o s u p e r -
p o s a b l e . 
i6 5 
CH GO 
HIT ra 
\ / 
c 
h 
(V) 
CH-CO HH, 
HCl J 
"^  Tffi-CO-m, 
H^SO^ 
CgH^ 
( I I I ) 
4i Gold 
I 
CH - GH (ji) 
ra-co-NH„ 
FaOH 
I 6 5 
GH-COOTa 
I 
MI-CO-M, 
H^  
GH - COOE 
I 
NH-CO-KH„ 
+ m. 
Civ> 
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5» 5-Phen.y lh .ydantoin ^ ( V ) , OAiQ^l^O^, m . p . 184-185 '* . 
An a u t h e n t i c sample of 5 - p h e n 7 l h y d a n t o i n was s y n t h e -
77 
s i s e d f o r t h e p u r p o s e o f c o m p a r i s o n by D a k i n ' s ' me thod . 
P h e n y l g l y c i n e (XV) was t r e a t e d w i t h p o t a s s i u m i s o c y a n a t e when 
( K - u r e i d o - o C - p h e n y l a c e t i c a c i d (IV) was o b t a i n e d , which when 
r e f l u x e d ? / i th h y d r o c h l o r i c a c i d gave 5 - p h e n y l h y d a n t o i n ( 7 ) , 
m.p.184-185® • 5 - i ' h e n y l h y d a n t o i n h a s been s y n t h e s i s e d by a 
number of w o r k e r s who have r e p o r t e d d i f f e r e n t m e l t i n g p o i n t s 
10 
r a n g i n g from 178 t o 1 8 5 " . P i n n e r and L i f s c h u t z ; Andreas 
K o s s e l ; Dak in and Dudley ; P i s h e r , S k e l e y and Ronzio " , 
Henze and c o l l a b o r a t o r s , K l o s a , Goker and a s s o c i a t e s . 
77 However, D a k i n ' and Dudley h a v e r e c o r d e d m.p.184-185® and 
Henze and h i s c o l l a b o r a t o r s r e p o r t e d fey m . p . I S S " , v/hich ag ree 
w i t h t h e p r e s e n t w o r k . I h e compound V had m e l t i n g p o i n t 
i d e n t i c a l w i t h t h a t o f t h e a u t h e n t i c sample and gave no 
d e p r e s s i o n i n mixed m e l t i n g p o i n t . 
The I n f r a r e d and U l t r a v i o l e t s p e c t r a were s u p e r - p o s a b l e . 
C^H^ - GH - GOOH C^Hp - GH - GOOH 
^ 5 I + KOCT » ^ 5 , 
(XV) 
NH2 m - GO - M 2 
(IV) 
HCl 
C^Ht- - GH GO 
65 I , 
HN NH 
\ / 
G 
V 0 
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^* Diphenylhydant 1 1 , (VI) , G^gH^^I..O^, m.p. 328-334"d. 
Aqueous ex t rac t of the reac t ion mixture a f te r the 
removal of <<-ureido-ef-phenylacetonitr i le ( I I ) , oc-ureido-oc-
phenylacetamide ( I I I ) and 5-phenyIhydantoin (V) l e f t a yellow 
viscous so lu t ion , which when refluxed with concentrated hydro-
chlor ic acid gave diphenylhydantll ( Y I ) . Gabriel ' reported 
a product melting at 336-338*'d, which he obtained by the 
condensation of equimolecular quan t i t i e s of 5-bromo-5-phenyl-
hydantoin and 5-phenylhydantoin. 
C/-H,_ — GH 65 , 
oc 
(V) H 
NH 
I 
CO 
i -HBr 
^6^5 - O H W 1 1 
OC GO 
\ / 
NH 
^5 
Br - 0 ra 
I I 
00 CO 
\ / 
N 
H 
C/'Hrr 
,6 5 
C — — NH 
f ( 
C 
\ 
NH 
GO 
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Gabriel -^  a lso synthesised diphenylhydantil (Vl) by 
heat ing 5-phenylhydantoin with bromine and acet ic ac id ; by 
the act ion of a lcohol ic potassi-um hydroxide on 5-phenyl-
hydantoin and also by heat ing 5-hydroxy-5-phenylhydantodin 
with hydriodic ac id . 
An authent ic sample of the diphenylhydantil was p r e -
pared by the method of Gabriel , by heat ing 5-phenylhydantoin 
with bromine in ace t i c acid . The product obtained decomposed 
at 328-334® and not at 336-338* as reported by Gabriel , 
83 
however, Gabriel himself remarked t h a t the m.p. of diphenyl-
hydant i l i s not cons i s t en t , which has also been confirmed by 
the present s t u d i e s . There was no change in the mixed melt-
ing point determination. The Infrared- and Ul t rav io le t spectra 
were also superposable. 
Iden t i ty of the two compounds was further confirmed 
83 by the degradation of VI by Gabr ie l ' s method, which 
involved heat ing of VI with fuming hydrochloric acid in a 
sealed tube a t 155-160®. The degradation products obtained 
?/ere phenylglycine (XV), which was iden t i f i ed by i t s compa-
r i son with an authent ic sample and i t s H-acetyl de r iva t i ve , 
and benzoic acid, wnich probably a r i s e s by the decomposition 
of benzoylformic acid. 
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OgH^ - OH IT 
OG GO 
%S 
0 ra-
(VI) 
00 GO 
\ / 
N 
H 
HGl (Puming) 
155-160«» 
( s e a l e d tube) 
3NH, + 2CO2 + CgH^ - CH - COOH + C^H -GO-COOH 
jCgH^-OOOHj '2 
(X¥) 
M p h e n y l h y d a n t i l , ob ta ined by the condensa t ion of 
c( ; ; -broino-o(-phenylacetoni t r i le ( I ) and u rea and the au then-
t i c sample made by G a b r i e l ' s method, were conver ted i n t o 
t h e i r dimethyl d e r i v a t i v e s VI I , which were a l so found to be 
i d e n t i c a l i n m , p . , mixed m.p» and super -posab le In f r a r ed 
s p e c t r a . 
OgH^ - GH 
OG 
N 
I 
CO 
G — - i m 
H 
GgH^ - GH N 
I I 
OG GO 
\ / 
N 
GH, 
OG CO 
\ / 
H 
|6 5 
2GH„ I 
(Ua i n CH,OH) 
- ¥ 
OG 
KH 
CO 
(VII) 
\ / 
N 
GH^ 
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The above structure of dimethyldiphenylhydantil (VII) 
was confirmed by A n d ^ ^ Kjaer by the following synthesis. 
96H5 
O^H^ - CH i^m CcHp, - OH 
^ \ I K O H , , ^ ^  I 
I I O H , OS * I 
OG GO ^ OC 
\ / \ / 
N 'H 
CH, CH, 
5 ^ 
N c m 1 1 1 
CO OG CO 
C H , 
0 
(VII) 
fhis synthesis shows that positions 3 of both the 
molecules of 5-phenylhydantoin which are occupied by the 
methyl groups can not be involved in the formation of the 
dimethyldiphenylhydantil (VII) and therefore the linkage 
involves position 1 and 5 as indicated by the Gabriels 
degradation studies. 
5. Mandelic Acid (VIII)> CgHgO,, m.p.118,5" 
The alcoholic extract of the reaction mixture, after 
the removal of crystalline substances, left a residue which 
was subjected to hydrolysis with cone, hydrochloric acid. 
The ethereal extract of the hydrolysate gave mandelic acid 
(VIII), which was identified by its neutralization equivalent, 
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ani l ide der iva t ive and comparison with an authent ic sample 
by melting po in t , mixed melt ing point aad superposable 
Infrared and Ul t rav io le t spec t r a . 
Condition - I I 
Urea and eC-bromo-.^c.-P^snyls-ce'tonitrile were mixed and 
allowed to stand a t the room temperature for one week but 
no s ign i f i can t change, apparent ly , took place during t h i s 
period, t he re fo re , the r eac t ion mixture was heated on a water 
bath a t 50-60° for nine hours . Under these condit ions four 
products were i s o l a t e d . One of them melting a t 236-238° was 
obtained in a very small quant i ty (0.1 g») and therefore i t 
could not be identidCied. The main product under these condi-
t ions was diphenylhydantil (Vl ) , # i ich was obtained by 
ref luxing the aqueous mother l iquor with concentrated hydro-
ch lor ic ac id . Another product was iden t i f i ed as K-ureido-
<<-pheny 1 ace t o n i t r i l e ( I I ) . 
However, a new product G^gH.QNp melt ing at 161-162** 
was a l so obtained and iden t i f i ed as trans-«Cy&-dicyanostilbene 
(IX), vrfaich was not found Under the previous react ion condi-
t i o n s . The dicyanosti lbene was ident i f ied as follows: 
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6. trans-i^-Dlcyanostllbene (IX). <^^^^-\(^2* ^'V'^^^-^^^"* 
Hydrolysis of (IX) with hydrochloric acid and acetic 
acid led to the fomation of diphenylmaleie anhydride (XI)t 
which was also obtained when IX was hydrolysed with hot 
alcoholic potassium or sodium hydroxide. *' * '* 
O.Hr. - C - ON C^ H^  - C - CO 
O -> !• Ttn-l J- A-ATI 0 5 >^ 
0 
o r KOH / 
G^Hc - ' C - CO 6 D 
II HCl + AcOH 
UC - C - OgH^ or alc.HftGH 
(IX) (XI) 
Since alkaline hydrolysis and subsequent acidifica-
tion or acid hydrolysis converts the dicyanostilbene into 
< ,^<-diphenylmaleic anhydride earlier workers assumed the 
dinitrile also to have the cis-configuration. Due to this 
the dicyanostilbene is referred to in the earlier literature 
as diphenylmaleonitrile, although the possibility that the 
dicyanostilbene may have trans-configuration which undergoes 
inversion on hydrolysis was suggested by Ghalanay and 
Knoevenagel . However, the studies by Coe, Gale, Linstead 
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Tinmons^ i n 1957 f i n a l l y proved t r a n s - c o n f i g u r a t i o n of the 
o{<<-dicyanodiphenylstilbene which has been confirmed by X-ray 
91 d i f f r a c t i o n s tud ies . -^ These f i n d i n g s a re a l so i n accordance 
with t h e demons t ra t ion by Reimer t h a t mesodiphenylsuccinodini#:e 
t r i l e was the main produc t of i t s r e d u c t i o n , a s would be 
70 86 
expected fo r t r a n s - a d d i t i o n to a t r a n s - double bond; * 
La te r on Wil l iams and Le P ^ ^ e ^ ' ' ' " * through t h e i r d ipo le 
moment s t u d i e s a l so e s t a b l i s h e d t r a n s c o n f i g u r a t i o n fo r the 
d i c y a n o s t i l b e n e . 
When the d i c y a n o s t i l b e n e (IX) was t r e a t e d wi th 
a l c o h o l i c KOH i n cold and allowed to s tand d ipheny lma le in i -
raide *' was obta ined which mel ted a t 215-216° 
C^Ht - C - GN C^H^ - C - CO 
^ 5 .. alc.KOH ^ 5 
- • 
KH 
UC - C - CgH^ ^^-^^ GgH^ - 0 - CO 
(IX) (X) 
S tmic ture of the d i c y a n o s t i l b e n e was f i n a l l y confirmed 
by comparison w i t h an a u t h e n t i c sample of t r a n s - ^ ^ d i c y a n o s t i l -
bene prepared by the method of Dodson and Turner-^-^ i n t h e 
foll/^9d.ng manner. To a cold aqueous s o l u t i o n o f sodium 
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cyanide and p - t o l u e n e s u l p h o n y l c h l o r i d e , f r e s h l y d i s t i l l e d 
benzaldehyde was added and allowed t o s t and i n i n e - s a l t 
ba th fo r 3 hours a t - 5 " when wC-cyanohenzyl-p-toluenesulpho-
n a t e (XVI) was o b t a i n e d , me l t ing a t 58-59°• T h i s when t r e a t e d 
wi th a l c o h o l i c po tass ium cyanide y i e l d e d t rans-«c^-diphenyl-
d i c y a n o s t i l b e n e m e l t i n g p o i n t I61-t62**-r 
C^HcGHO + NaCN G^ -H^  - GH - GH 
-H = ^ 3 h r s . I (XXI) 
GH^.CgH .SOGl 0,S02.CgH^»CH^ 
a l e , 
6 h r s . 
G^H^ - G - GN 6 5 
GN - C - GgH^ 
(IX) 
jPor t h e purpose of t h e above s y n t h e s i s Dodson and 
T u r n e r ' s method was modif ied to t h e e x t e n t t h a t p - to luene-
sulphonyl c h l o r i d e was used i n s t e a d of benzene sulphonyl 
go 
ch lo r i de as was done by Coe and h i s associa tes* , 
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The dicyanosti lbene (IX) obtained by the condensation 
of tC-bromO'-oC-phenylacetonitrile with urea was found to be 
i den t i c a l with th§ authent ic sample of trans-«c^--dicyanostil-
bene in m«p., mixed m.p. and superposable Ul t rav io le t and 
Infrared spec t ra , 
C. Action of Concentrated Sulphuric Acid on trans>^~I)icyano~ 
s t i l b e n e : 
The dicyanost i lbene was t r ea ted with cone. HpSO. in 
cold and allowed to stand for 24 hours a t room temperature 
and then poured in ice-cold water in order to obtain diphenyl-
maleic anhydride (XI) as repor ted by Bertholdy but instead 
of the anhydride a mixture of two products was obtained. A 
red produGt/T^ which was highly soluble in chloroform and 
melted a t 127-128°, a f t e r r e c r y s t a l l i s a t i o n , was ident i f ied 
as 3-cyano-2-phe]:x5^1indene-1-one (XII) . A yellow product which 
was sparingly soluble in dalorofonn but soluble in benzene, 
alcohol and other organic so lven ts , a f t e r pu r i f i ca t i on , melted 
at 234-235° and was iden t i f i ed as 3-carbamoyl-2-phenyliiiden-1-
one (XI I I ) . 
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/ \ C-CN 
( I X ) 
Conc.HtSo^ 
(XII) 
(xm) 
I so l a t i on of the above indenone der iva t ives (XII and 
XIII) c l ea r ly shows t r a n s - s t ruc tu re of the «4^-dicyanostil-
hene, which i s re ta ined during the process of cyc l i sa t ion . 
These observat ions a r e in conformity with those of Goe and 
qO h i s associa tes^ . 
1. 3-cyano~2-pfaenylindene>1^one, (XII) , G^gHgNO, m»p. 127-128", 
qO Goe and h i s assoc ia tes^ have reported ia»p. for t h i s 
compound as 145" which i s about 16° h i ^ e r jthan reported 
he re . This product was repeatedly c r y s t a l l i s e d but there was 
no change in the m,p . , t he re fo re , the disagfeement can not be 
explained. This infrared spectinim of XII has one band a t 
4#5/^ which can be readi ly assigned to the -C = IT s t re tching 
vibilration of the n i t r i l e group. In the carbonyl region the 
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substance exi i ibi ts a strong band at 5 . 8 ^ . This can be 
assigned to an unsaturated five membered cycl ic ketone. XII 
was also converted in to i t s 2,4-dinitroph.enylliydrazone, which 
decomposed a t 288-289**, for which Goe and h i s assoc ia tes hane 
reported m.p,277-279®. XII when allowed to stand with cold 
cone, HpSO. for f ive days i t was en t i r e ly converted into 
3-carbamoyl-2-phenylindenone* XII when dissolved in 10 S^  
alcoholic KOH and allowed to stand for 2 month was converted , 
in to diphenylmaleinimide (X). This shows t h a t the indenone 
r ing in XII i s very unstable towards a lka l i and i s hydrolysed 
to give the imide X. XII when refluxed with concentrated 
hydrochloric acid was recovered unchanged. 
Cxcii) 
Ale. KOH 
COU 
(X) 
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2. 3-0arbOBO.yl«-2'»««pheiiyllndene~1-one (XI I I ) , C^gH^^OpN, 
m,p,234-235®. Goe and h i s associated have recorded m»p»22?-27 
for t h i s compound. 
When XIII was t reated with 2,4-dinitrophenylhydra25ine 
i t gave i t s 2,4--dinitrophenylhydrazone de r iva t ive ii.p.291-292'', 
for which <3oe and h i s assoc ia tes reported m.p.281-283°. 
Hydrolysis with a lcohol ic potassiim hydroxide, when 
carr ied out a t the room temperature, gave dipherQrlmaleini-
mide (X) but when refluxed with a lcohol ic sodiiua hydroxide 
followed by a c i d i f i c a t i o n gave diphenylmaleic anhydride (XI) • 
AUKOH 
(iot 
(xiii) 
Mc.KOH 
COLd 
c-co c~co 
CXI) (X) 
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3. 2-phenyl~1>-iHdenone-3~car)30x.Ylic acid (XIV) t G^gH^QO ,^ 
m.p. 205-206«. 
When 3-carbaiBoyl-2-phenylindenone (XIII) was refluxed 
with cone, hydrochloric acid for four hours i t gave 2-phenyl-
-1-indenone~3-carboxylic acid (XIV). 
CONH^ 
(.xm) 
CONC.HCi 
/ RcfLwxeJ Ahr f . 
Coe and h i s assoc ia tes could not obtain t h i s acid by 
the hydrolysis of XIII with a lcohol ic potassium hydroxide, ' 
constant b o i l i ^ hydrocycloric acid or n i t r ous ac id . 
Similar ly t h e i r e f for t s t o hydrolyse 3-cyano-2-phenylindene-
1-one in to the acid XIV also f a i l e d . However, 2-phenyl-1-
indenone-3-carboxylic acid (XIV) i s a known acid and was 
reported by Hamart-Lucas and Hoch in 1930. 
The present work recorded some discrepancies with 
those reported by Coe and h i s assoc ia tes for the indfenone 
der iva t ives which are susmarised in the following t a b l e . 
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T A B L E 
S.No. Compound M.P. reported M.P. reported 
by Coe and in the present 
his associates. work. 
lo 3-Gyano-2-phenylindenone 
2, 2,4--dinitrophenylhydra-
: zone of 3-oyano-2-
phe nylindenone. 
3 . 3-carbamoyl-2-phenyl-
indenone* 
4 « 2,4-dinitrophenylhydra-
zone of 3-carbamoyl-2-
phenylindenone• 
5» 2-phenyl-1~indenone-3-
oarboxylic Acid. 
145° 
277-279' 
225-227*» 
281-283* 
could not 
obtain the 
acid. 
127-128*' 
288-289*' 
234-235° 
291-292* 
205-206" 
Condition - I I I 
An aqueous solut ion of urea was added gradually to 
i<-bromo- < -pheny lace ton i t r i l e during the course of 40 minu-
t e s . The reac tan t s were then heated on water bath for twenty 
hours . The fl.ask was allowed to cool and the so l id i f i ed resinous 
mater ia l was separated from the aqueous so lu t ion . The aqueous 
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solut ion on ex t rac t ion with e ther yielded «<-ureido- eC-yh&nyl-
acetamide ( I I I ) , 
The water insoluljle res idue was t r e a t e d with acetone 
when most of the residue went in to the solut ion but nothing 
could be c r y s t a l l i s e d out from the acetone solut ion t he re -
fore the acetone was evaporated off and the residue refluxed 
with 15^ NaOH for one hour and f i l t e r e d . The f i l t r a t e when 
ac id i f ied yielded a product melting at 135-137'*, # i ich could 
not be iden t i f i ed because of i t s small quan t i ty . 
The acetone insoltible res idue v/as t r e a t e d with hot 
aqueous sodium hydroxide solution and f i l t e r e d . The 
f i l t r a t e when ac id i f i ed yielded a product which decomposed 
at 299-302*. Only 0*55 g. i'of the mater ia l was obtained 
which could not be pur i f ied for the purpose of i d e n t i f i c a -
t ion , from the above findings i t i s qu i te c lear that in 
aqueous medium the r eac t i on does not proceed to give i d e n t i -
f iable products , which may be due to the i n s o l u b i l i t y of 
•<-.bromo-i<-phenylacetonitrile in water . 
- 43 • 
Condition - lY 
Since the reac t ion does not proceed s a t i s f a c t o r i l y in 
aqueous medium or without a solvent , therefoare .^-broffio-o<-
pheny lace ton i t r i l e was added to a pas te of urea in 50 fo 
alcohol during the course of 45 minutes and refluxed for twn 
hours on a boi l ing water ba th . The reac t ion appeared to 
proceed smoothly though with extensive r e s i n i f i c a t i o n as in 
the p rev ious ' cases . The reac t ion mixture a f t e r processing 
yielded the following substances which have already been 
iden t i f i ed and described in the previous r eac t ions : 
( i ) «<;-Ureido-<"-phenylacetonitrile ( I I ) 
( i i ) <-Ureido-<-phenylacetamide ( I I I ) 
( i i i ) 5-phenylhydantoin (V) 
( iv) Diphenylhydantil (VI) 
(v) Mandelic acid (YII I ) , 
(vi) In add i t ion to the above five products a 
compound, G g^H^QO^ melting at 158-159** was 
also i so la t ed ffom the insoluble resinous 
mass of the reac t ion mixture by hydrolysis 
with 20 fo sodium hydroxide. This product 
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was iden t i f i ed as diphenylmaleic anhydride by 
melting point aM mixed melt ing point deteimina-
t ion and ^t^gff^d^lgle U l t r av io l e t and Infrared 
spec t ra , The dipherylmaleic anhydride probably 
a r i s e s by the hydrolysis of the diphenyldicyano-
s t i lbene (IX) or i t s der iva t ives # i ich m^y be 
present in the resinous mass, 
Table No.I gives a b r i e f account of the react ion 
products obtained by the condensation of o<,-bromo~ i<-pheiiyl-
a c e t o n i t r i l e with urea under the 4 d i f ferent experimental 
condi t ions . 
D, condensation of flC-Bromo-K-phenylacetonitrile with 
•Ammonium Carbonate. 
Condensation of iC-bromo-«<:-phenylacetonitrile with 
ammonium carbonate was also studied under four d i f ferent se t s 
of condi t ions which are b r i e f l y s ta ted below. In genera l , 
the products obtained in these reac t ions were s imi la r to the 
products obtained in the condensation of »C~bromo-6<:-phenyl-
a c e t o n i t r i l e with u rea . The react ion of ammonium carbonate 
appears to be more smooth and gave higher y i e lds with 
s l i g h t l y l e s s r e s i n i f i c a t i o n . I so l a t i on of the product was 
also comparatively e a s i e r . 
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( i ) A mixture of (M.)2C0, , tC-'bromo-o<-.phenylaceto-
n i t r i l e and 95 % alcohol were heated on a water 
bath a t .SO-SO® for four hours , 
( i i ) (NH.)2 00 , i n 50fC alcohol was heated to 52*» and * 
the bromonitr i le was added during the course of 
15 minutes. Heating was fu r the r continued for 
5 hours a t 50-60' and f i n a l l y the reac t ion 
mixture was refluxed for 30 minutes for the r eac -
t ion to be completed, 
( i i i ) A mixture of ammonium carbonate and 50?S alcohol 
was heated to 50 ' and t^-bromo-K-phenylaceto-
n i t r i l e was added during the course of one hour, 
The reac t ion mixture was fu r the r heated for one 
hour and then kept a t the room temperature for a 
week. At the end of t h i s period the reac t ion 
mixture was again heated for 4 hours a t 50-60** 
and f i n a l l y refluxed for 30 minutes for the reac -
t ion to be completed. 
( iv) oC-bromo-oC-phenylacetonitrile and aimaonium 
carbonate were mixed together and heated on water 
bath for 2,75 hours . 
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Following is an account of the products obtained under 
the four different experimental conditions. 
Condition ~ I 
Prom the reac t ion mixture the follovdng products were 
i s o l a t e d , 
( i ) oC-Ureido-oC-phenylacetamide ( I I I ) 
( i i ) trans-iCA-dicyanostilbene, (IX) 
( i i i ) A new compound (XVII) decomposing a t 290-293" 
with probable molecular formula C24^H22N.0c-. 
The alcohQlic e x t r a c t a f t e r the removal of D<-ureido-
cA-phenylacetamide and dicyanosti lbene was evaporated to 
dryness and the res idue obtained was wajbmed with 10^ sodiim 
hydroxide on a water ba th , cooled and f i l t e r e d . The f i l t r a -^ 
t e #ien acidif ied gave a p r e c i p i t a t e which decomposed at 
283-285®. The compound was insoluble in water, e ther and 
benzene but s l i g h t l y soluble in hot alcohol-acetone mixture, 
ace t ic acid and nitrobenzene and r ead i ly soluble in sodium 
hydroxide but insoluble in NaHCO,* The compound was p u r i -
f ied by dissolving in one of the above mentioned organic 
solvents or by d i sso lv ing in sodium hydroxide followed by 
p r e c i p i t a t i o n with hydrochloric acid or by sa tura t ing the 
a lka l ine solut ion with carborploxide. 
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For the purpose of analysis the product decomposing 
at 283-285*', was purified by dissolving in 5 ^sodium 
hydroxide and precipitating with hydrochloric acid this was 
then further purified by ciystallisation from a large volumes 
of hot alcohol-acetone mixture, acetic acid or nitrobenzene* 
Thus the product obtained melted with decomposed at 290-93*. 
On further ciystaliisation the decomposition point could not 
be increased. In view of the difficulty of purifying the 
compound, four different samples were prepared for micro-
analysis which gave the following values. 
Found: 
(1) Alcohol-Acetone (4:6) 
(2) Acetic Acid 
(3) nitrobenzene 
C H N 
63< ,84 4*77 13. .17 
64. .49 5.07 13. ,01 
63. .13 5.02 12, .72 
64. .41 4.89 12. .37 (4) Precipitated from NaOH soln. 
by the addition of HCl. 
Calculated for: 
C^^H^^l^O^ 66.2 5.1 14.45 
C^^H^^N^O^ 66.45 4*23 13.68 
C^gH^^N^O^ 63.71 5.05 12.38 
^24^22^4^5 64.56 4.97 12.55 
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Considering the above microanalysis r e s u l t s i t was 
d i f f i c u l t to ass ign a de f in i t e molecular formula for the 
compound XVII. The difference of the values calculated for 
G^gH^^N,0^ and found for the various samples are given in the 
following t a b l e . 
C H N 
Calc.for G^gH^^N^O^: 63»71 5.05 12,38 
Found: 
Sample cryt, from ale-acetone: 63»84 4«77 13.17 
Difference 0.13 0,28 0.79 
Sample cryst.from AcOH: 64.49 5.07 13.01 
Difference 0,78 0,02 0.63 
Sample cryst.from Nitrobenzene:63.13 5.02 12.72 
Difference 0,58 0.03 0.34 
Sample pptd. from laOH by 
the addition of HCl: 64*41 4.89 12.37 
Difference 0.70 0,16 0,01 
However, as a f i r s t approximation, the compound XYII 
may be as3ign*molecular formula ^o^2'^t^^ since the ana ly t i -
cal values found for the samples r e c r y s t a l l i s e d from alcohol 
and acetic acid and also for the sample pur i f ied by dissolving 
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in sodium hydroxide and p r e c i p i t a t i o n by the addi t ion of hydro-
chlor ic acid are c loser to the values ca lcula ted for 
Cp/HppN^Otrj although the carbon value for the sample c r y s t a l -
l i s ed from nitrobenzene does not agree but a l l other values 
are extremely close as shown in the following t a b l e . 
Gale.for 024^22^5^4* 
C 
64.56 
H 
4.97 12.55 
Pound: 
Sample ppted.from laOH 
by the addi t ion of HCl 
Difference 
64.41 
0.15 
4.89 
0.08 
12.37 
0.18 
Sample cryst.from ale: 
Acetone: 
Difference 
63.84 4,77 13.17 
0*72 0.20 0.62 
Sample cryst .from AcOH 
Difference 
64.49 5.07 
0.07 0.10 
13.01 
0.46 
Sample cryst. from 
Nitrobenzene: 63.13 5.02 12,72 
Difference 1.43 0.05 0.17 
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Since the compound (XTII) is soluble in sodiiim hydroxide 
and insoluble in sodium bicarbonate therefore it must have a 
hydroxy gfoup with phenolic character or an enolisable imido 
hydrogen such as in hydantoins. 
The compound XVII when refluxed with 18, 27 or 56^ k 
hydrochloric acid for 4 hours was recovered unchanged. This 
again shows presence of all the N atoms as part of the stable 
ring system such as those of hydantoins and can not be present 
as a normal amide gfoup, which must be hydrolysed under these 
conditions* 
Again the compound X7II when refluxed with 20 % sodium 
hydroxide for six hours evolved ammonia very slowly indicating 
absence of amide or cyanide groups and presence of a hetero-
cyclic ring system viiich is difficult to hydrolyse. The 
alkaline solution when acidified gave a precipitate which 
charred above 375°. 
17 
Bucherer and Sterner have also reported i so l a t i on 
of a s imilar compound from the condensation of benzaldehyde 
cyanohydrin with ammoniiim carbonate. They have given the 
following desc r ip t ion of the compound. 
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" Prom the washed resinous residue, insoluble in 
alcohol and ordinary solvents, by extraction with 
dilute gently warmed alkali a third substance can 
also be isolated #iich by warming its alkaline 
solution loses ammonia and then it can be precipi-
tated from it by acetic acid. For purification 
it is precipitated several times. It melts with 
decompsition at a temperature lying above 280**, 
Analysis of the compound was indefinite and there-
fore no certain inference can be drawn from it." 
Analysis:- C H N 
Calcd.for C^^H^cN^O,: 
Pound: 
They also suggested a probable structure of the 
compound and its formation from the corresponding amide. 
NH « GO - ra 
66,2 5*1 14.45 
66.85 5.1 13.59 
NaOH 
NH - CO - M ^ 
l: 
C^H^ - GH ^ H C - CgH^ (G^^H^5lT30^) 
COOH FC 
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However, compound XVII, i so la ted in connection witH 
the present work does not appear to have a simple amide or 
carboxy groups and therefore i t can not have the s t ruc tures 
proposed by Bucherer. Ins tead , compound XYII on the bas is 
of i t s chemical behaviour stiould have s t ab le hydantoin 
s t r uc tu r e . 
Condition - I I 
A mixture of ammonium carbonate and 50 fo alcohol was 
heated to 52** and theno<-bromo-«<«phenylacetonitrile was 
added during the course of 15 minutes. The react ion mixture 
was fur ther continued to be heated at 50-60" for five hours s 
and f ina l ly refluxed for 30 minutes in order to complete the 
* 
r eac t ion . 
Prom the reac t ion mixtxire following products were 
i so l a t ed , 
( i ) c<.-Ureido-p<:-»phenylacetamide - ( I I I ) 
( i i ) Mandelic acid - (VIII) 
( i i i ) Compound (XVII), m.p.290-293* with approxi-
mate composition, Op/H^pN^Oc which was 
obtained under the conditionB 1 .-mi •"• 
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The reaction mixture, after the removal of alcohol-
water soluble products, was washed with hot water and the 
residue left was taken in alcohSl when an insoluble dirty 
white residue was left, which on further purification and 
crystallisation in the manner stated under the condition gave 
a product melting at 290—293**d and was identical with the 
compound XTII. 
Condition - III 
A mixture of (NH.)_CO, and 50 'f alcohol was taken in 
a f lask and heated to 50®. To thisoC-bromo-oC-phenylaceto-
n i t r i l e was added during the course of 1 hour. She reac t ion 
mixture was fur ther continued to be heated for 1 hour and 
then allowed to stand a t room temperature for a week. At 
the end of t h i s period the reac t ion mixture was again heated 
at 50-60® for four hours and f i n a l l y refluxed for 30 minutes 
for the reac t ion to be completed, 
Prom the reac t ion mixture following products were 
i so l a t ed . 
( i ) o^-Ureido-i<*-phenylacetamide ( I I I ) 
( i i ) Compound XYII, with probable molecular formula 
^24^22^4^5' "®l*i^S "^^  290-293**d. 
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( i i i ) trans-*»«-dicyanostlibene (IX). 
( iv) The alcohSlic mother l iquors a f t e r the removal 
of I I I and IX was evaporated to dryness and 
the resinous mass l e f t was extracted with 20 fo 
FaOH» The aqueous ex t rac t when ac id i f i ed gave 
diphenylmaleic anhydride. 
Condition - lY 
eC-bromo- eC-phenylacetonitri le and ammonium carbonate 
were mixed together without the use of a solvent and heated 
on a water bath for 2#75 hours . 
The aqueous-alcoholic ex t rac t of the reac t ion mixture 
was completely evaporated to dryness and the residue ex t r ac t -
ed with hot i ^ t e r when a water insoluble residue was l e f t 
behind melting a t 250-257®, which was fur ther pur i f ied by 
d issolv ing i n 5 ^ sodium hydroxide and p r e c i p i t a t i o n by 
hydrochloric a c i d , #ien i t melted a t 281-83**« C r y s t a l l i s a -
t ion from alcohol-acetone mixture gave a product melting at 
290-293''d. This was found i d e n t i c a l with the product 
obtained under the condit ion 1 from the resinous mass by 
ex t rac t ion with 10 fo sodium hydroxide. 
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The residue was extracted with hot water and from the 
aqueous ex t rab t e^-ureido-x-phenylacetamide was obtained. 
The water insoluble residue was taken in alcohol and 
concentrated but no c r y s t a l l i n e mater ia l could be obtained, 
therefore , alcohol was removed and the res idue subjected to 
hydrolysis with 40 fo HpSO.» The hydrolysate was freed from 
HpSO. by t r e a t i n g with barium hydroxide and the aqueous solu-
t ion concentrated but no c r y s t a l l i n e product could be obtained. 
Table No.2 gives a b r i e f account of the reac t ion 
products obtained by the condensation of <-bromo-<-phenyl-
a c e t o n i t r i l e with ammonium carbonate under the 4 d i f ferent 
experimental condit ions. 
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III. D I S C U S S I O N 
The cyanohydrins react readily with ammonia, ammonium 
carbonate or urea to give o(-amino nitriles, c<-ureidonitriles 
and hydantoins, #iich have been utilised for the synthesis of 
amino acids. However, the most important limitation of the 
reactions based on the cyanohydrins is the nonavailability of 
the corresponding aldehydes, y^ich except in a few eases, are 
difficult to get as cheap and readily available starting 
materials. In view of this important limitation it was consi-
dered worthwile to examine if e<-halonitriles could react to 
give the same products as cyanohydrins with ammonia, ammonium 
carbonate and urea. 
(1) E - CH ~ OT + NH-, > R _ OH - OF 
I ^ I 
Br NH„ 
(2) R - OH ~ ON + (NH.)pGO, >. R - OH 00 
Br ' ' 
HN NH 
\ / 
II 
0 
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(3) • R - GH - CN R - OH - ON 
I > I 
Br + m^-*GO-m^ m. - co-m. 
If PC -halonitriles could react in the above manner 
then the us#fulness of these reactions would depend upon the 
availability of o<.-halonitriles which, in view of the develop-
ments discussed earlier, can now be considered to be avai-
lable more readily than the corresponding cyanohydrins. 
For the purpose of present studies 0C-bromo-e<-phenyl-
acetonitrile which is an easily accessible o<-halonitrile, 
being readily prepared by the bromination of benzyl cyanide 
(Org.Syn.Gol.III,347 (1955), was selected for studies of its 
condensation reactions with ammonium carbonate and urea. 
There was another advantage in selectingo^-bromo-oC-
phenylacetonitrile for the study of condensation reactions 
with urea and ammonium carbonate and this was the fact that 
benzaldehyde cyanohydrin has been used for detailed studies 
of the condensation reactions of cyanohydrins with urea by 
Pinner and his associertes and with ammonium carbonate by 
Bueherer and coworkers and therefore the use of pC-bromo-oC-
phenylacetonitrile was expected to provide comparable data and 
products which were reported by other workers. 
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However, the most important considerat ion for se lec t -
ing oC-bromo-pC-phenylacetonitrile for the purpose of the 
present s tudies vras the fact tha t subs t i tu t ion react ions of 
c<-bromo-K-phenylacetonitr i le and X.-chloro-c<-phenylaceto-
n i t r i l e have already been s tudied, a b r ie f account of which 
i s given below. 
Subst i tu t ion Reactions of oC-Halobenzyl cyanides. 
c<-Halo subs t i tu ted benzyl cyanides are known to under-
go nucleophil ic replacement of the halogen by sui table nucleo-
p h i l i c replacement to give <><-substituted benzyl cyanide 
de r i va t i ve s . A number of such reac t ions have been reported 
in the l i t e r a t u r e . 
Barrow and Thorneycra||ft- reported condensation of 
p-ni t rosodimethylani l ine with e<-chlorobenzyl cyanide to give 
the U-aryl e ther of t he corresponding oximino d e r i v a t i v e . 
0 CH3 -F-CH, 
KOH-MeOH 
0=N-. </ >^ -F-CH 
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0 7 
Kretov and Abramov^' t r e a t e d oC.-bromoacetoni tr i le with 
mercury and ob ta ined the organo-mercury compound which when 
» 
t r e a t e d wi th d i l . HCl g a v e a ^ A - d i p h e n y l s u c c i n o d i n i t r i l e . 
CgH^ - CH.CT + Hg > CgH^ - GH - ON. +.Hg2Br2 
Br Hg-Br 
1 d i l . HGl 
C^He - CH - CN 
CgH^ - CH - OF 
Thiourea r e a c t s r e a d i l y with "C - h a l o benzyl cyanides. 
t o give 2 , 4 - d i a m i n o t h i a z o l e s . This r e a c t i o n h a s been s tud ied 
q o Qq 
by M i l l e r and h i s a s s o c i a t e s . Davies and coworkers ^ fu r the r 
i n v e s t i g a t e d t h i s r e a c t i o n i n 1950 and showed thate<-bromo 
benzyl cyanide ^aid o<-chloro benzyl cyanide r e a c t wi th t h i o -
u r e a t o give 2 , 4 - d i a m i n o - 5 - p h e n y l t h i a z o l e . 
- 60 " 
OH NHo 
I \ '^ 
CgH^ - OH + 0 = S 
I I 
Br im^ S 
HO NH 
1 li 
CgH^ - OH G - NH 
\ / 
I 
HoIT- N I 
^ li II 
S 
Davies and h i s a s soc i a t e s a l so used chloroaoeto-
n i t r i l e , PC-chlooropropionitrile for the synthesis of the 
corresponding 2,4-diaminothiazoles . In the case of ot-ohloro-
p r o p i o n i t r i l e they, however, pointed out that due to the low 
r e a c t i v i t y of < - c h l o r o p r o p i o n i t r i l e presence of sodium 
iodide was necessary. Ihey fa i l ed to carry out condensation 
of (K-hromo-isobutyronitri le with th iourea . Davies and h i s 
associa tes a lso fa i led to carry out condensation of chloro-
a c e t o n i t r i l e with urea which was found l e s s reac t ive in t h i s 
case than th iourea . This has also been pointed out by 
Anderson and coworkers • Davies and h i s associa tes also 
synthesised 2,4-diamino-1,3-selenazole by the condensation of 
oC-substituted benzyl cyanides with selenourea. 
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101 Ghase and Walker syn thes i s ed 2 ,4-diaBi ino-5-phenyl-
t h i a z o l e by the condensa t ion of o<,-chloro-p<;-phenylaceto-
n i t r i l e w i t h t h i o u r e a i n ace tone by a l lowing the r e a c t i o n 
mixture t o s t a n d f o r t h r e e days a t room t e m p e r a t u r e . 
102 Bavies and Maclaren s t ud i ed r e a c t i o n of <-bromo-(X?-
p h e n y l a c e t o n i t r i l e and e t h y l Xanthamidate and obta ined 
<!<-carbamylthiobenzyl cyanide when the r e a c t i o n was c a r r i e d 
out i n benzene while i n a l c o h o l they ob ta ined trans-KB-
d i c y a n o s t i l b e n e and e t h y l xanthamidate was i somer ised to 
e t h y l t h i o c a r b a m a t e . 
Benzene 
CgH^-CH-CN + H2N^CS-0Et 
I 
Br EtOH 
; 
GcHc--CH-ON C^Hp.-CIi-GN 
S CONH II -^  HpN-CO-SEt 
QO 
Coe and h i s a s s o c i a t e s ^ t r e a t e d wj-br (mo-<<-phenyl-
a c e t o n i t r i l e w i t h ammoniim t h i o c y a n a t e when t h e y obtained 
<-cyanobenzyl t h i o c y a n a t e . 
GcHc.-CH-CN + KH.SCN > C^Hc-CH-CN 
Br S-CN ^ 
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They also recorded that if potassiiiin thiooyanate was 
used the dicyanostilbene was obtained. 
103 Kretov and Panchehko '^  treated i<-chloro-<-phenyl-
acetonitrile with Na S in alcohol when they obtained bis-
phenylacetonitrile sulphide and phenylacetonitrile mercap-
tan along with some dicyanostilbene. 
C^ H^ -CH-GU + Na^ S • O^Hp- - OH - CN 
01 ? ^ 5 , 
CgH^  * CH - OF SH 
6 5 „ 
NC - C - CgH^ 
They also recorded a similar reaction for i<-broiao-<.-
phenylacetonitrile which gives higher yields of the mercap-
tan and the dicyanostilbene. 
More recently, Yinograde and Vul'fson ^ utilized 
bromoacetonitrile for the Refoannatsky reaction with alde-
hydes as well as ketones. 
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Banfie ld i n an a t tempt t o f a r t h e r explore the 
n u c l e o p h i l i c c h a r a c t e r of the replacement of the ha logens of 
K - h a l o benzyl c y a n i d e s . s t u d i e d t h e a c t i o n of a number of 
t h iopheno l s wi th o C - b r o m o - K - p h e n y l a c e t o n i t r i l e and obtained 
the cor responding a r y l - < - c y a n o benzyl su lph ides and recorded 
t h a t some d i c y a n o s t i l b e n e was always produced i n t h e s e r e a c -
t i o n s . 
6 5 I 5 5 6 5 I 
Br S-CgH^ 
6 5 „ 
UC - C - CgH^ 
Banfield also noted that while neutral guanidine 
salts did not react with K-bromo- o^phenylacetonitrile, 
guanidine carbonate did react with the bromonitrile to 
give the dicyanostilbene. In view of the above facts he 
came to the conclusions that: 
" the product of reaction of «<-cyano benzyl bromide 
with nucleophile depends critically upon the 
nucleophilic reactivity on the one hand and the 
bas'city of the reagent on the other." 
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From the above discussion i t would appear tha t in 
the nucleophi l ic subs t i t u t i on react ions of <<--bromo-o(:!^ -
pheny lace ton i t r i l e , the dicyanosti lbene i s frequently formed 
along with the main subs t i t u t i on products. The formation 
of dicyanst i lbene has been explained by Goe and h i s 
associa tes in the following manner. 
Ph.CHX.GI ^ ^ > - » NG.CHPh.GPhX.CN 
w^PhGX.CN I--HX 
(:GPh.GN)2 
"Step (a) will proceed more readily the greater the 
XT 
stability of(that is, the larger the dissociation constant of 
HX. The*removal of proton in step (b) will also be facili-
tated by a more highly electronegative group X, as well as by 
the cyano- and the phenyl groups, which will v/eaken the carbon-
hydrogen bond towards nucleophilic attack. Combination of the 
oppositely charged ions leads to the dibenzyl derivative, which 
may then lose HX to give the dicyanostilbene." 
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This mechanism assimies formation of the d icyanoat i l -
bene as a r e s u l t of the abs t rac t ion of a proton from the 
reac t ive oC-position of the n i t r i l e , the carbanion produced 
then competes with the nucleophile for. carbonium ions formed 
from the bromo-ni t r i le in an Sjjl type reac t ion . Thus i t i s 
apparent tha t the product of reac t ion of «<-bromo-«<-phenyl-
a c e t o n i t r i l e with a nucleophile depends c r i t i c a l l y upon the 
nucleophi l ic r e a c t i v i t y on the one hand and the bas ic i ty of 
the reagent on the o ther . 
Thus synthesis of < - s u b s t i t u t e d phenylace toni t r i les 
and t h e i r de r iva t ives by nucleophi l ic replacement of the 
halogen of «<-chloro- or «<-bromophenylaGetonitrile, in the 
presence of bases , i s r e s t r i c t e d by the foimatLon of the* 
dicyanosti lbene through the above mentioned side r eac t ion . 
The conversion of t<~bromo- <-pher]ylacetoni t r i le into 
the dicyanost i lbene, when t rea ted with bases , seems to be a 
general react ion of a l l 6^*-halo~©<t-phenylacetonitriles and' 
also for other negat ively »<-subst i tuted phenylace toni t r i les , 
The yield of the dicyanosti lbene from various negat ively 
< - subs t i t u t ed compBundsdepends on the d i s soc ia t ion 
constant of the ac ids . The higher the d i s soc ia t ion constant 
of the acid, the higher i s the y ie ld of the dicyanostilbene 
- 65 (a) 
as indicated in the following table compiled by Coe and his 
associates. 
T A B L 
Yields of dicy.anostilbene from various esters (A) 
and dissociation constants of HX in water. 
X K Yield (?/o) X K Yield 
I (s) 50 Ph.SOj^ 2x10"'' 35 
3r (s) >35 W^ t 20 
01 (s) >27 p-Me.CgH^.SO^^ 1x10""• 13 
ONS^ (s) 60 B^O^ 7x10"^ 0 
S.CO.NHg .. * 66 AcO^ 2x10"^ 0 
(s), Strong acid: the first three are in order of acid 
strength in acetic acid^ l 
* Free acid unknown, 
+ The hypothetical acid is H-N=0 which is unknown (and 
is not nitrous acid). 
G-orman and Connell, J.Amer.Ghem.Soc. ,1947,69,2063. 
landolt-Bornstein, "Tabellen," 5th edn.,Vol.II, p.1123. 
Kolthoff and Yfilliam,J,Amer.0hem.Soc.,1934,56,1007. 
(Reproduced from:- J.C.S.,1957, 124). 
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Prom the above table i t would appear that a l l nega-
t ive ly p<v-Bubstituted pher iylacetoni t r i les .yield dicyano-
s t i lbene according to the strength of the negatively subs t i -
tuted group except in the case of benzoyloxy- and acetoxy-
der ivat ives which did not produce/ dicyanostilbene but gave 
sodium s a l t s of acids and benzoin as reported by Coe and his 
associates as well as by e a r l i e r workers ; Davis , 
107 
Greene and Robinson , Ooe and his associates have explain-
ed conversion of benzoyloxy- and acetoxy-derivative into 
benzoin by suggesting that the "nucleophilic reagents attack 
the acyl-oxygen bond instead of the G-X bond." 
Formation of the carbanion, as suggested by Coe and 
his associates, can further be supported by the following 
facts. 
10R Recent s tudies by Asami showed tha t phenylaceto-
n i t r i l e when t rea ted with l i qu id ammonia-caustic a lka l i and 
the r e su l t i ng product when t r e a t e d with a lky l ha l ides in 
l iqu id ammonia, gives alkyl subs t i t u t ed o<-phenylacetonitr i les. 
•jOQ 
Similar ly , s tud ies by Smith ^ showed that o p t i c a l l y act ive 
c<-Ghloro-o(-phenylacetonitr i le i s very e a s i l y racemised 
c a t a l y t i c a l l y by alcohol ic a l k a l i . This must involve forma-
t ion of the anion which i s rap id ly equi l ib ra ted followed by 
r a t e - and product-determining s t e p s . 
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A similar situation exists in the case of cyano-
hydrins in viftiich the hydrogen is similar in character to 
the '^^ -hydrogen of nitriles or esters. The dissociation of 
the oC-hydrogen gives an anion #iich attacks the carbonyl 
group of the second molecule of the benzaldehyde giving the 
bimolecular product benzoin. 
C^ Hj- - GO + 6 5 I 
H 
01 (a) CgH^ 
0-
I 
-C-GN 
.1 
H 
(b) 
6 5 I 
OH 
^6^5 
OH C^ Hc-
C: + CO 
I » 
CI H 
^6^5 
0" 
II 
G 
(c) 
H 
I 
C - OH 
^6^5 
GN 
OH 
I ,6 5 
C^H^-C - C 
^ ^ I I 
GN H 
0 
(d) 
6 5 
0' 
I 
C 
I 
,6 5 
G - OH 
I 
CN H 
Keeping in view the above considerations, reactions 
of (<-bromo-oC-phenylacetonitrile with urea and ammonium 
carbonate can now be critically examined in order to determine 
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the course of reactions and to provide explaination for the 
formation of various products. 
The present studies proved to tie quite fruitful as 
far as elucidation of the course of reactions ofo<-haloni-
triles with urea and ammonium carbonate are concerned and 
the products obtained were, in many cases, the expected ones 
as reported for cyanohydrins or amino nitriles by Pinner and 
10 11 his collaborater * and later by Bucherer and his asso-
17 1 fi 
elates. * There were also formed products of side reac-
tions and large quantities of resinous mass derived from 
the reaction products. The polymeric resins could not be 
further processed. Along with the resins there were, how-
ever, obtained the expected reaction products which were 
isolated and characterised. 
The tendency of benzaldehyde and phenylacetaldehyde 
to undergo extensive resinification in the condensation 
reaction with ammonium carbonate has been recorded by 
17 1R 
Bucherer and his associates * . Yi/hen benzaldehyde cyano-
hydrin was treated with KGN or HON and ammonium carbonate 
in 50 io alcohol only very little 5-phenylhydantoin was 
obtained, phenylacetaldehyde cyanohydrin gave still lesser 
yield of benzylhydantoin while formaldehyde and aeetaldehyde 
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10 11 110 gave only dark resins. Pinner * * has also referred 
to the high sensitivity of benzaldehyde cyanohydrin in the 
condensation with urea by which, perhaps, he meant its 
tendency for resinification. On the other hand, most of 
the ketones particularly the less reactive ketones, their 
cyanohydrins and aminonitriles give excellent yields and 
in many cases almost quantative yields of hydantoins were 
obtained in the Bucherer synthesis. These earlier studies 
indicate that the tendency for resinification is character-
istic of the benzaldehyde, phenylacetaldehyde, formaldehyde 
and acetaldehyde in the condensation, reactions with ammo-
nium carbonate and urea. In view of these considerations 
the tendency of eC-bromo-eC-phenylacetonitrile for resini-
fication in its condensation reactions with urea and ammo-
nium carbonate was not unusual* However, the tendency for 
resinification can be controlled, to a certain extent, by 
the reaction conditions so that reaction products could be 
obtained in sufficient quantities for characterisation* 
Therefore, in spite of extensive resinification and diffi-
culties involved in the isolation of reaction products, 
which were obtained only in small quantities, the studies 
were continued and most of the products isolated were 
characterised in order to gain information regarding the 
reactions involved. 
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Another drawback in tlie studies under discussion was 
that under different conditions of reaction different pro-
ducts were obtained and therefore this led to considerable 
difficulties in the isolation and characterisation of the 
products. Nevertheless, different products obtained under 
different reaction conditions, really, turned out to be 
very helpful in providing a deeper understanding of the 
course of reactions. 
Condensation of K^^Bromo-^-phenylaoetonitrile with Urea. 
The following products were obtained by the condensa-
tion of e<-bromo« ec-phenylacetonitrile with urea. 
(1) <K.-Ureido-o<,«*phenylacetonitrile ( I I ) 
(2) o<_-Ureido-«<**phenylacetamide ( I I I ) 
(3) 5-phenylhydantoin (T) 
(4) Dipheny lhydan t i l (VI) 
(5) Mandelic a c i d (VII I ) 
(6) t rans*K.p ' -dicyanost i lbene (IX) 
(7) Diphenylmaleic anhydr ide (XI) 
(8) m.p . 236-238'' (XIX) 
(9) m.p . 135-137* (XVIII) 
(10) m.p . 299-302° (XX) 
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For d i a g r ^ i f t i c represen ta t ion of the above react ion 
products please see tab le No• I I I . 
Examination of the above products ind ica tes that the 
condensation of o<^  -bromo-«^--pher\ylacetonitrile with urea i s 
a complicated process which produces not only the products 
obtained by the condensation of benzaldehyde cyanohydrin 
with urea by Pinner but a lso ce r t a in products which were 
obtained l a t e r by Bucherer by the condensation of benzalde-
hyde cyanohydrin with ammonium carbonate. Moreover, some 
side reac t ions a l so take p lace , giving ce r t a in byproducts 
which were not obtained by the condensation of cyanohydrins 
with urea or ammonium carbonate* 
Formation of «<-ureido-K^-phenylacetonitri le ( I I ) 
was expected according to the reac t ion of benzaldehyde 
cyanohydrin with urea as carr ied out by Pinner, 
C^ H^ - CH - CN ^ O^Hj. - CH - CN 
o 0 j > o 1? I 
Br + NH2-C!0-^2 HH - CO - M j 
However, in t h i s reac t ion o<^-ureido-«<^phenylaceta-
mide ( I I I ) has a lso been obtained which must a r i s e from I I 
as a r e s u l t of addi t ion of water . I l l was i so l a t ed by 
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Bueherer from benzaldehyde cyanoliydrin and ammonium carbonate 
and therefore t h i s product i s also according to the expecta-
t i o n s . 
HH - GO - m ^ ^ ra - CO ~ m 2 
The reac t ion also provided 5-phenylh5rdantoin (V) 
which must a r i s e from I I or I I I as a r e s u l t of cyc l i sa t ion , 
The formation of 5-phenylhydantoin in t h i s reac t ion was 
a lso expected since i t represents major product of the 
Bueherer* s condensation o:penzaldehyde cyanohydrin with 
ammonium carbonate. 
GgH^  - CH -. ON CgH^ - GH - CO ^ ]m2 
ra - GO - NH^  NH - CO. - NHg 
1 J-
GgH^ - GH 0 = m + HgO CgH^ - GH 0=0 
I I - N H , ^ I I 
^ / \ / 
II II 
0 0 
ffl. 
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Another interesting product of this reaction was 
diphenylhydantil (VI) wMch was obtained from the aqueous 
extract of the reaction mixture after refluxing with hydro-
chloric acid, VI was first reported by Gabriel who synthe-
sised it by heating 5-bromo-5-phenylhydantoin with 5-phenyl-
hydantoin. 
G^Hf- O^H^ C^Hp C^He 
| D 5 | 6 5 | 6 5 j 6 5 
KH C-Br m CH . ffl OH 
OC CO OG CO ^^  OC CO OC CO 
\H/ \ / \ ^ \ / 
H H • H H 
Gabriel and later Kjaer also reported formation of 
diphenylhydantil by heating 5-phenylhydantoin with alcoholic 
potassium hydroxide. However, these reactions do not 
explain formation of diphenylhydantil in the condensation 
reaction of oC-bromo- (^ .-phenylacetonitrile with urea. It 
appears that, in the first instance, a water soluble 
compound is formed which can be extracted from the reaction 
mixture. It does not crystallise from the aqueous solution 
and gives a viscous yellow solution. This may, perhaps, 
consist of ammonium salt of an acylic acid, which when 
- 7 4 
ref l i ixed wi th h y d r o c h l o r i c a c i d may under go c y c l i s a t i o n 
s i m i l a r t o t h o s e of t h e h y d a n t o i n s . The re fo re , the two 
hydantoin r i n g s of the h y d a n t i l a r e formed as a r e s u l t of 
r e f l u x i n g with h y d r o c h l o r i c a c i d . In view of t h i s the 
a c y l i c i n t e r m e d i a t e which i s t he a c t u a l p roduc t of the 
condensa t ion r e a c t i o n must bea r two benzyl groups l inked to 
the same n i t r o g e n atom. Format ion of t h i s i n t e r m e d i a t e may 
be expla ined by the fo l lowing sequence of r e a c t i o n s . 
CgH^' *• OH- - CH • • ^jj+ CgH^ ^ C - ON 
Br ( I ) Br (XXI) 
I 6 5 . 
C^H^ - 0 *- ON + H^N HN - e - Br 
^ ^ I l^ I I 
Br CO > CO OR (XXII) 
I t 
^ 5 ;^6H5 
HN - G - Br H N OH 
I I - + 1 I -HBr 
00 ON 
1 I 
NHo NH 
00-^-^.01 >(xxi f | ) 
(XXII) ( I I ) 
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f6«5 °6^5 
HN — 
1 
CO 1 
1 ~~ 
ON 
N — OH 
1 1 
CO ON 1 
(XXIII) 
j6 5 I 6 5 
HIST 0 U — CH 
I I r t 
CO COO" CO c o o " 
I . I . 
(XXIV 
HCl I R e f l u x 
C/-Hc- C/-Hr-
| 6 5 | 6 5 
HN C N CH 
I I I I 
00 CO 00 CO 
\ / \ / 
NH M 
(TI) 
Formation of the bromobenzyl cyanide an ion (XXI) has 
"been suggested by Coe and h i s a s s o c i a t e s ^ . They assumed t h a t 
removal of the p ro ton from < - b r o m o - < - * p h e n y l a c e t o n i t r i l e which 
i s f a c i l i t a t e d by t h e h i g h l y e l e c t r o n e g a t i v e bromo as w e l l 
as the cyano- and the pheny l - g roups , # i i c h weaken carbon-
hydrogen bond towards n u c l e o p h i l i c a t t a c k . Combination of t h i s 
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negative ion (XXI) with urea would he expected to give 
oC-bromo-oC-phenyl- <-ureido-acetonitrile (XXII). This 
may condense with i<-ureido-<<-pheiiBrlacetonitrile (ll) to 
give the intermediate (XXIII), The nitrile groups of 
this intermediate on hydrolysis would give a water solu-
ble ammonium salt, which when refluxed with hydrochloric 
acid furnishes diphenylhydantil (VI). 
Isolation of mandelic acid by the hydrolysis of 
the resinous mass of the reaction mixture is not diffi-
cult to explain. This may arrse^  by the hydrolysis of 
c^-bromo-K-Phenylacetonitrile or its derivatives which 
may be present in the resinous mass. 
C^H^ - GH - ON G^H^ - GH - COOH 
^ ^ I + H^O HCl ^ 5 I 
Br "^  * OH 
70 Reimer in 1881' showed that <-bromo-«<-phenyl-
acetonitrile when heated at 160-180" is converted into 
dicyanostilbene and almost all the bromine is evolved 
as HBr. 
- CcHp - CH - GN OrEf, - C - GN 
2 6 5 , 6 5 „ 
Br GN - G-CgH^ ^ '^^^ 
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Coe and his associates^ have already established 
the mechanism of formation of the dicyanostilbene from 
oC-hromophenylacetonitrile. Banfield has shown that 
formation of the dicyanostilbene restricts yield of the 
nucleophilic substitution products. In view of this 
important side reaction conditions for the nucleophilic 
reactions have to be so chosen that formation of the 
dicyanostilbene and its derivatives is minimised. Alcoho-
lic solution of P<.-bromophenylacetohitrile with potassium 
hydroxide, ammonia or potassium cyanide are known to 
give upto AOfo yield of the dicyanostilbene. However, ws. 
under the conditions of the present studies there was 
not extensive formation of the dicyanostilbene. 
The diphenylmaleic anhydride (XI) was obtained by 
the hydrolysis of the resinous mass with 20 fo sodium 
hydroxide solution. Therefore, this must, naturally, 
arise by the hydrolysis of the dicyanostilbene or its 
derivatives which may be present in the resinous mass. 
In addition to the above products, the following 
three compounds were also obtained in very small quanti-
ties and could not be purified enough for the purpose 
of identification. 
T^^S 
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(i) Product m.p,236--238«' (XVIII) was obtained from 
the second reaction* 
(ii) Product m.p. 155-137'' (XIX) and product m.p.299-
502** (XX) were obtained from the third reac-
tion. 
In the reaction of (<-bromo-<-phenylacetonitrile 
with urea, the resinous mass constitutes major product. 
In order to elucidate its composition the resinous mass 
was subjected to hydrolysis with cone, hydrochloric acid 
but only a small fraction of the material could be 
hydrolysed in spite of prolonged refluxing. Ethereal 
extract of the acid hydrolysate gave mandelic acid and 
therefore it may be assumed that «<.-bromo-o<,-phenylaceto-
nitrile is in some way combine with the urea which when 
subjected to hydrolysis gives mandelic acid. 
The resinous mass was also subjected to alkaline 
hydrolysis with 20 io sodium hydroxide but even prolonged 
boiling led to -verj slow hydrolysis and to a very limited 
extent. Acidification of the hydrolysate gave diphenyl-
maleic anhydride and therefore it may be presumed that 
dicyanostilbene is also present in some polymeric form 
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in the resinous mass, which when hydrolysed with 20 io 
sodium hydroxide y i e l d s diphenylmaleic anhydride. 
Thus i t may be concluded tha t the resinous mass 
cons is t s of polyamide s t ruc tu res derived from -hromo- -
phen.7lacetonitr i le and d icyanost i lbene . 
Condensation oftC-bromo- K-pheny lace ton i t r i l e vdth 
jpaaonium Oarbonate* 
Condensation of •C-bromo-<-phenylacetonitr i le with 
ammonium carbonate was studied under four different condi-
t i o n s . The reac t ion proceeds quite smoothly, though with 
extensive r e s i n i f i c a t i o n as in the case of urea. This 
reac t ion gives products i n comparatively h i ^ e r y i e lds 
than in the case of urea and the number of products 
obtained i s also f ^ e r than with u rea . Following are 
the main products obtained by the condensation of <-bromo-
o(^-phenylacetonitrile with aranonium carbonate. 
(1) *<-TJreido-<-phenylacetamide ( I I I ) 
(2) Compound XVII, m.p.290-293*d. with approximate 
composition, Cp.Hp^N.Oc. 
(3) Mandelic ac id (VIII) 
(4) trans-eiJ^dicyanostilbene (IX) 
(5) Diphenylmaleic anhydride (XI) 
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A diagranaililli representation of the above products 
i s given in t ab le Ho* IV, 
«<-Ureido-oC-phenylaoetamide may be considered to be 
the main product of the 'condensat ion, which i s obtained 
under a l l the four d i f ferent condi t ions . This a r i s e s 
from c<-Ureido-e<-pheriylacetonitrile ( l l ) as already 
explained in the case of urea . 
I t i s i n t e r e s t i n g to note that when ammonium 
carbonate i s used "^-ureido-K-phenylacje toni t r i le , the 
parent compound, i s not obtained. 
However, a new compound, X7II was obtained in th i s 
reac t ion which could not be found in the reac t ions with 
urea , This was obtained imder r eac t ion condit ions 2 and 
3, and to a smaller extent the condit ion 1. The compound 
melts with decomposition a t 290-295°• I t i s highly 
insoluble in water , e the r , benzene and chloroform but 
s l i g h t l y soluble in alcohol and acetone and comparatively 
more soluble in hot ace t i c acid and nitrobenzene. How-
ever, the compound i s r ead i ly soluble in sodium hydroxide 
but insoluble in sodium bicarbonate . T^hen refluxed with 
cone, hydrochloric acid i t was recovered unchange. Boi l -
ing with 20 'fo sodium hydroxide only slowly hydrolysed the 
^ 
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compound with the evolution of ammonia. In view of these 
physical and chemical diaracteristics it was extremely 
difficult to obtain the compound or its derivatives in a 
pure state and therefore it could nollbe assigned a defi-
hite|rformula. The analytical values of the compound XVII s 
agree fairly with the molecular formula C^gH-,^N,0, but 
they much more closely agree with the molecular f 03?mula 
2^4-^ 22^ 4.^ 5• However, in the absence of other data mole-
cular formula could not be finalised and therefore, for 
the present, compound XYII has been assigned molecular 
formula Cp^HppN^Otr* ^^^ 'to its high stability the 
compound could notbe degraded into simpler products anrf 
therefore no structure can be assign to the compound, 
though from the Chemical Characteristics presence qf 
hydantoin ring is indicated. 
Mandelic acid (VIII) was obtained frfm the 
alcohol soluble fraction of the residue under the reaction 
condition 2, which must involve hydrolysis of <-bromo-o<;^ -
phenylacetonitrile. This is in contrast with the reac-
tion with urea where mandelic acid was not obtained 
directly in any of the reactions except through the acid 
hydrolysis of the resinous mass. 
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trans-*Cl-Dicyanostilbene was obtained only in 
small quantities. 
The resinous mass when subjected to hydrolysis 
with 20 fo sodium hydroxide followed by acidification 
yielded diphenylmaleic anhydride, which may have been 
formed by the hydrolysis of the dicyanostilbene or its 
derivatives which may be present in the resinous mass. 
Though there is no experimental basis yet taking 
into consideration the unusually high reactivity of 
oC-bromo- o(-phenylacetonitrile and the variety of reac-
tion products formed in addition to the expected reaction 
products it would not be out of place to suggest, purely 
on theoretical grounds, possibility of a carbene inter-
mediate which has not yet been considered by anyone. 
111 Although Gloss and Gloss in I960 reported formation of 
phenyl carbene from benzyl chloride and n-butyllithium 
which they demonstrated through a tr^ping experiment. 
H 
•• C^H^ -^  G - GN -HBr , G^ H^ - - G - CN 6 5 , » 6 5 
Br 
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QUI 
The three electron withdrawing groups attached to the 
carbon atom may help in the removal of the proton as well 
as the Br through oC-elimination. It is, however, open 
to question whether the very weak* base urea is sufficient 
to pull out a proton from the substsate to initiate the 
reaction. There are, however, cases where carbenes are 
generated from suitably constituted substances even in 
112 the absence of a base# As an example Wanzlick ,found 
that the product of reaction of dianilinoethane with 
chloral when heated in an inert solvent loses chloroform 
and gives a colourless crystalline solid regarded as a 
carbene. Its molecular weight suggests that the subs-
fance is in equilibrium with its dimer. 
?6H5 
GHo - NH 
^ 1 
CgH^ 
H 
- CCl 
CH, 
OH, 
2> 
5^6^5 
- N 
N 
GH, 
-GHGl, 
C 
H 
CGI. 
«6«5 
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If formation of the carbene intermediate i s 
presumed, i t vyould help to explain the foimation of a 
number of products . For eiample, the dicyanostilbene 
may a r i s e simply by the dimerisa t ion of the carbene 
intermediate* 
C^Hc - C - CN 
o p •• 
CI - C - CgH^ 
CgH^ - a - CN 
CN - C - C^H,-6 5 
Similarly, formation of the intermediate (XXIII) 
the proposed precursor of diphenylhydantil may be expected 
to be formed through the same carbene intiermediate. 
,6 5 
H^N ~ :C —Ni-. 
I I I 
CO-t ON 00 
I I 
HgU BH, 
,6 5 
OH 
CN 
HN ^  
I 
CO 
I 
H2N 
|6 5 
m: 
CN CO 
NH, 
CH 
I I I 
CN 
(XXIII) 
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The extensive resinification may also be explained 
by the formation of the carbene intermediate, which would 
then readily react with urea, (M-)pCO, or their deriva-
tives to form large polymeric resinous products. 
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IV. G O N C L U S I O N S 
The StrecTcer synthesis of amino acids and the 
Bucherer synthesis of hgldantoins are based on cyanohy-
drins as intermediates and, there fore , the most important 
l imi ta t ion of these react ions i s the a v a i l a b i l i t y of the 
corresponding aldehydes and ketones . In view of t h i s , the 
main object of the present s tud ies was to see i f in the 
above reac t ions cyanohydrins could be replaced byoC-halo-
n i t r i l e s , # i ich can now be made readi ly by the halogena— 
t ion of alkyl cyanides. The oC-haloni t r i les woiild also 
be more react ive and thus they may be expected to increase 
the y ie lds and enhance the scope of the Strecker and the 
Bucherer r e ac t i ons . 
For the present s tudies o<.-bromo- K^Phenylaceto-
n i t r i l e was selected as a t e s t case and i t s react ions with 
urea as well as ammonium carbonate were studied under 
different condi t ions . Reaction with urea gave the 
expec-jied products , though in small y i e ld s , o<^ureido-«<-
pheny lace ton i t r i l e , p^rureido-'<-phenylacetamide and 
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5-phenylhydantoin, which were earlier obtained by the 
condensation of benzaldehyde cyanohydrin with urea "by 
10 17 
Pinner and with ammonium carbonate by Bacherer , These 
compounds have been successfully used for the synthesis of 
hydantoins as well as amino acids and therefore, the main 
object of the present studies has been fulfilled, and now 
(?<-halonitriles instead of the cyanohydrins be used for 
the synthesis of hydantoins and amino acids and thus in 
the Strecker and the Bucherer reactions alkyl cyanides can 
now be used as starting materials instead of the aldehydes. 
Details of the scheme are outline,d in the following table. 
A 
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However, i t may be pointed out that the react ion of 
o(-broino-oC-phenylacetonitrile with urea was found to be 
far more complicated than i t was expected o r ig ina l l y . 
Right from the beginning i t was observed tha t in addition 
to the products expected through the normal nucleophilic" 
subs t i tu t ion there were also formed a number of other 
products through side react ions along with extensive 
r e s i n i f i c a t i o n . 
Mandelic acid was formed to some extent through the 
hydrolysis of 6<rbromo-c<-phenylacetonitrile. trans-oc*/?)-
Dicyanostilbene i s already known to be produced by the 
act ion of a l k a l i on c^-halo-pC-phenylacetonitr i les .. 
through an anionic intermediate as explained by Ooe and h is 
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associates . Diphenylmaleic anhydride i s , of course, 
derived from the dicyanost i lbene. Another i n t e r e s t i ng 
byproduct of the reac t ion , diphenylhydanti l , was obtained 
Vv'hich, perhaps, a r i s e s from 5-phenylhydantoin,, however, 
under the condit ions of the reac t ion i t i s d i f f i c u l t to 
explain the mechanism of i t s formation. In addit ion to 
these products, extremely small quant i t ies of three more 
products were obtained melting a t 135-137*', 236-238*' and 
299-302° respec t ive ly which could not be obtained pure 
enough to be i den t i f i ed . 
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However, the mop-'^  inportant characteristic of these 
reactions was^ extensive resinification.which led to the 
formation of large quantities of resinous mass, mhich 
formed major product of the reaction. On prSlonged reflux-
ing with cone. HCl, it Vi?as slowly hydrolysed to give mandelic 
acid. Prolonged hydrolysis with 20 ^ NaOH resulted in the 
formation of diphenylmaleic anhydride only to a small 
extent,. Thus the resinous mass consists mostly of stable 
derivatives of the above mentioned compounds. 'l?onnation of 
the resinous mass was not unexpected since Bucherer also 
observed the same tendency for benzaldehyde cyanohydrin, 
which when treated with (M,)pGO^ gave only a small quantity 
of 5-phenylhydantoin and the resinous mass formed the major 
product, 'i^ hough later^ on.after suitable modification of 
the process, he was able to get better yield of 5-phenyl-
hydantoin, Dftring the present studies it was noted that 
under different conditions not only yields of different 
products but also the nature of products obtained, could be 
varied. Therefore, if suitable conditions are adopted, 
better yields of the desired products could be obtained and 
formation of the byproducts and the resinous mass could be 
reduced. 
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The unusually high r e a c t i v i t y of oC-bromo-cK.-phenyl-
a c e t o n i t r i l e as well as benzaldehyde cyanohydrin which 
leads to the formation of byproducts and unusually large 
quan t i t i e s of resinous mass requires to be explained. On 
the bas is of products obtained and t heo re t t e a l considera-
tions^ formation of phenylcyanOcarbene (Ph-O-CIT) i n t e r -
mediate has been suggested. I t has also been suggested 
t ha t , (perhaps,) for an i dea l study of such reac t ions , per-
haps, i t would have been b e t t e r i f s tud ies were carri^ed 
out with l e s s r eac t ive ' 'C -ha lon i t r i l e s . The unusually high 
r e a c t i v i t y of »^-bromo«oc-phenylacetonitrile may be ascribed 
to the three e lect ronegat ive groups at tached to the same 
/carbon. 
Reaction of o<f-bromo-«<-'phenylacetonitrile with 
ammonium carbojiate was a lso studied* 'J-'hls was found to 
proceed more smoothly, though with extensive r e s i n i f i c a -
t ion as in the case of urea . The products were obtained 
in comparatively higher y i e ld s and the byproducts obtained 
were not as many» 
The main product of t h i s react ion was *<-Ureido—(<-
phenylacetamide* I t s parent component e<-l[Jreido-i<-phenyl-
a c e t o n i t r i l e and the cyc l i sa t ion product 5-phenylhydantoin 
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were not obtained. Another i n t e r e s t i ng compound obtained, 
had an approximation composition of G^^HppN^O ,^ which may 
a lso , a l t e r n a t i v e l y , he ass ign molecular formula C.oH^^l^O.. 
This compound i s insoluble in most of the organic solvents 
but soluble in a lka l i and insoluble in laHCO,. I t i s 
s table to hydrolysis when boiled with cone. HCl but i t i s 
only gradually hydrolysed, with ths evolution of ammonia, 
?/hen reflxixed with 20 io NaOH and there fore , i t i s concluded 
to be a hydantoin d e r i v a t i v e . In addition to these products 
a small quanti ty of trans-<<^-dioyanosti lbene and i t s 
der ivat ive diphenylmaleic anhydride were obtained. Mandelic 
acid was also i so la ted as one of the react ion products. 
In the case of r eac t ions with (M,)pCO, a l so , i t 
was noted t h a t , under d i f fe ren t conditions of react ion 
y ie lds of the products as well aa nature of -tiie compounds 
formed could be var ied . 
Reaction of-»^-bromo-«<-phenylacetonitrile with 
75 HH^  was not studied since i t i s already known that 
c<-bromo- oC-phenylacetonitrile w/hen t r ea ted with alcohol ic 
ammonia y ie lds the dicyanosti lbene upto 35 ^, and alkal ine 
conditions favour formation of the dicyanosti lbene * . 
- 92 -
In view of t h i s reac t ions of ^-bromo-oC-phenylacetonitri le 
were studied with urea and ammonium carbonate only. 
While the main object of the present s tud ies was 
to show tha t t<*-halonitriles could be used in place of the 
cyanohydrins in the Strecker and the Bucherer synthesis 
these s tud ies may also be useful in showing i f the u ^ of 
K - h a l o n i t r i l e s offered any advantages over -tiie well known 
method of amination of i<-halo acids for the synthesis of 
amino ac ids . 
I ? , , E X P E R I M E N T A L 
A, Synthesis ofpC-Bromo-eC-'Phenylaoetonltrile; 
( i ) Benzylcyanide: 
Method followed for the synthesis of benzyl cyanide 
was based on the procedure suggested by Roger Adams and 
A so lu t ion of 81 g. (1.25 moles) of potassium 
cyanide in 130 ml. of water was taken in a 250 ml. t h ree -
necked round-bottomed f lask f i t t e d with a ref lux condenser, 
separating^ funnel and a s t i r r e r . The mixture was heated 
on a water-bath to dissolve most of the potassium cyanide. 
A solu t ion of 125 g. (1 mole) of benzyl chlor ide (b.p,170-
180°) in 125 g. (146#2 g,) of alcohol (95 per cent) was 
added through a separat ing fimnel in the course of 40 
minutes. The mixture was refluxed for four hours on a 
steam bath , cooled and f i l t e r e d on a suction pump to 
remove the potassium chloride formed during the reac t ion . 
The s a l t was washed with a small port ion of alcohol to 
remove the adhering benzylcyanide. The f i l t r a t e was taken 
in a flask and the solvent removed by d i s t i l l a t i o n on a 
m 
heat ing mantle . The r e s idua l l iqu id in the f lask v;as 
cooled, f i l t e r e d , and the upper dark brown layer of "benzyl 
cyanide was separated through a separat ing funnel* The 
crude benzyl cyanide thus obtained was d i s t i l l e d imder 
reduced .pressure in a Claisen d i s t i l l i n g f lask wi-tii a 
modified •side arm'&f The f i r s t f ract ion which cons i s -
ted of alcohol and ^a t e r vj&s re jec ted and the benzyl 
cyanide was col lected a t 155-140V38 mm. The t o t a l 
lroli«ae co l lec ted was 92,5 ml. Yield 80 per cent . 
Removal of Isocyanide from Benzyl Cyanide 
The benzyl cyanide (92.5 ml.) was taken in a sepa-
ra tory funnel* and shaken -vigorously with a hot (60°) 
sulphuric acid (50 per cent) for five minutes. The aqueous 
ac id ic l ayer was separated and the benzyl cyanide was then 
shaken with an equal volume of a saturated sodium bicarbo-
nate solut ion which was also removed. The benzyl cyanide 
was f i na l ly washed with an equal volume oj^al f saturated 
solut ion of sodium ch lo r ide , dried on calcium chloride and 
d i s t i l l e d under reduced p ressure . 
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(2) o{-Bromo-o<-phenylacetonitrile ( l ) : 
Synthesis of o<«bromo-o<-pheiiylacetonitrile was 
carr ied out according to the method of Robb and Shultz f l ) . 
The reac t ion was ca r r i ed out in a four-necked round-
bottomed f l ask , f i t t ed with a sealed s t i r r e r , an a i r 
condenser carryihg a bent*-tube to a water o u t l e t , a 
stopper carrying a dropping funnel and a thermometer.-
Freshly d i s t i l l e d isocyanide free benzyl cyanide, (29.2 g; 
0«25 mole) was placed in the reac t ion flask and the experi-
ment was car r ied out in a fuming chamber to aTroid lachry-
matric fumes. The bulb of the thennometer was adjusted 
under the surface of the r eac t ion mixture in the f lask. 
The flask was heated on a hea t ing mantle and the tempersr-
ture of the reac t ion mixture was maintained between 105-110*'. 
Technical grade bromine (44 g . , 14«66 ml. or 0.275 mole) was 
added over a period of one hour with e f f ic ien t s t i r r i n g and, 
the r eac t ion mixture fur ther heated for 15 minutes at the 
same temperature in order to expel l the hydrogen Uromide gas. 
During t h i s reac t ion a small quantity of oC-bromo-oC-pheaiyl-
aoetimidobromide'® :} separated as a yellow solid which was 
removed by f i l t r a t i o n on a g lass s in tered funnel. 
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oC-Bromo- o6-phenylacetonitr i le was d i s t i l l e d under 
reduced pressure but extensive decomposition took place 
therefore <-bromo-Kj-phenylacetonitri le obtained a f t e r 
the removal of c<-bromo-<<-phenylacetagiidobroniide was 
used as such in fur ther experiments,, under d i f ferent 
cConditions. 
m 
STUHISS IN THE REACTION OPOC-BROMO-oC-PHENYLACETONITEILE 
WITH UREA 
Condi t ion - 1 
B. Condensat ion ofe<-bromo~<<-phenylace ton i t r i l e wi th 
u r e a w i thou t s o l v e n t . 
A 250 ml . t h ree -necked round-bottomed f l a s k was 
f i t t e d wi th a mechanica l s t r i r r e r , a s e p a r a t o r y funnel acid 
an e x i t tube c a r r y i n g a U-tube from which l ach ryma t r i c 
vapours were l ed to a water o u t l e t . - In t h e f l a s k 15 g . 
(0 ,25 mole) of u r e a were p l a c e d . F r e s h l y prepared 
oC-bromo-©C—phenylacetonitrile 25 g . (0 ,15 mole) was then 
added through the s e p a r a t o r y f u n n e l . The r e a c t i o n mixture 
was s t i r r e d and h e a t e d on a b o i l i n g wa te r b a t h . The u r e a 
g r a d u a l l y went i n t o the s o l u t i o n and i t was complete ly 
d i s s o l v e d i n one h o u r . At the end of t h i s pe r iod the 
r e a c t i o n mixture became v i s c o u s . The h e a t i n g was f a r t h e r 
cont inued for 4 hou r s and then t h e f l a s k was cooled when 
a s e m i - s o l i d mass was o b t a i n e d . 
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Isolation of the Heaction Products 
The solid mass was extracted with chloroform and 
ether hut no soluble products could be isolated. The 
reaction mixture was treated with 150 ml. of water and 
wanned. The upper layer (fraction A) was decanted off 
and the residue was treated with 50 ml. of fresh water 
when a water insoluble black tarry residue (fraction B) 
was left in the flask. 
The fraction A and aqueous washings were combined, 
concentrated and allowed to cool in a refrigerator when 
1,2 g. of a yellow crystalline material (III) was , 
obtained which was filtered and recrystallised from acetone 
5^ he crystals m^ted at 222-224*. 
The filtrate v/as concentrated and cooled bu* no 
further crystalline material could be obtained* The solu-
tion was evaporated under reduced pressure when a viscous 
yellow residue was obtained which was foimd insoluble in 
benzene, ether and petroleum ether (40-60")• The residue 
was dissolved in alcohol and acetone but it could not be 
crystallised. The scGLvent was removed and the residue was 
taken in 30 ml. of isopropyl alcohol and allowed to cool 
in a refrigerator when another crystalline substance (Y) 
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was obtained. It was filtered and dried when it melted 
at 175-176.5" and weighed 0,5 g. 
5)he filtrate was concentrated to a thick residue 
which was allowed to stand in a dessicator under vacuum 
over anhydrous calcium chloride for four days when 
colourless crystalline needles of another substance (II) 
were obtained. -^I^hey melted at 176.5-177.5*' and weighed 
0,6 g, She filtrate was concentrated and then diluted 
with 10 ml. of alcohol when another crop of the same 
material (II) was obtained. 
2^ he mother liquor on further concentration yielded 
a yellow viscous liquid which was taken in a 100 ml. round-
bottomed flask fitted with a refliix condenser and treated 
with 30 ml. of cone, hydrochloric acid and refluxed for two 
hours. A light yellow crystalline product (Yl) separated 
and settled at the bottom. It melted at 324-328*> with 
decomposition. The flask was cooled and the product was 
filtered, '^ o the filtrate 15 ml. of oonc. hydrochloric 
acid was added and the hydrolysis was repeated, but no 
more product could be obtained, therefore, the solution 
was rejected. 
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The water insoluble black tarry residue (fraction B) 
was dissolved in alcohol, boiled, charcoaled and filtered 
when a dark brown solution was obtained. It was cooled 
in a refrigerator for a week but it did not crystallises. 
The alcohol was removed and a black tarry residue was 
obtained, which was hydrolysed with 30 ml. of hydrochloric 
acid (18 pea? cent) by refluxing for two hours. The 
acidic layer was separated and the residue was treated with 
20 ml. of fresh acid and the process was repeated to 
complete the hydrolysis. 
The acidic solution was extracted with ether. The 
etherial extract was washed with water and dried over 
anhydrous sodium sulphate and then evaporated to dryness 
when a crystalline product (VIIl) was obtained which 
melted at 115,5-117°. 
Purification of the isolated products; 
The product III melting at 222-224** was further 
purified by recrystallisation from alcohol (75 per cent) 
when fine, long, colourless needles were obtained wlich 
melted at 217-218° and the melting point did not change 
on repeated recrystallisations. A purified sample of the 
compound (III) on micro analysis gave the following values: 
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c H N 
55.94 5o42 21.82 
55.95 5.74 21.75 
Analysis: 
Pound: 
Calc.for GgH^^F^Og: 
The substance Y melting at 175-176.5" was dissolved 
in hot alcohol, charcoaled, filtered, concentrated and 
crystallised by the addition of water when colourless 
plates were obtained which melted at 184-185*'. 
'Analysis: 
Pound: # 
Calc.for CQHQN202: 
The product (II) melting at 176.5-177•5" was 
recrystallised from a mixture of alcohol and water (3:1) 
when colourless needles were obtained which melted at 
178-179°. The compound was recrystallised from isopropyl 
alcohol but the melting point did not change. The differ-
ent nature of the compounds V and II was establised by a 
mixed,melting point determination in which a depression of 
five degrees was recorded. The compound II on micro-
analysis gave the follov;ing results: 
G H N 
60.72 4.45 15.49 
61.36 4.58 15.90 
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Analysis: C H F 
Pound: 61.85 5*04 23.78 
Gale,for GQHQN-O: 61.70 5.18 23.99 
The crystalline product (VI) was dried when it 
melted at 324-328° d with decomposition. It was found 
insoluble in water, benzene, acetone and other organic 
solvents but readily soluble in dil. sodium hydroxide 
solution. The product was purified by dissolving in 
sodium hydroxide solution (5 per cent) and precipitating 
by the addition of hydrochloric acid (9 per cent) wtoen the 
product obtained melted at 328-334®d. 
Analysis: 
Pound: 
Dale.for C^gH^.N.O.: 
The product VIII melting at 115.5-117** was recrys-
tallised from hot benzene when it melted at 118.5** 
Analysis: 
Pound: 
Gale.for CgHgO,: 
c H U 
61.44 4.15 15.61-
61.71 4.03 16.00 
C H 
63.50 5.35 
63.15 5.30 
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Oondition - I I 
Condensation of oc*-bromo- oC-phenylacetonitri le 
with urea in the absence of solvent 
A. 250 ml* three-necked round-bottomed flask was 
f i t t e d with a sealed mechanical s t i r r e r a thermometer 
and an ex i t tube, carrying a U-tube from which vapours 
were led to a water out le t* In the f lask were placed 44 g. 
(0«73 mole) f inely powdered and dried urea with 55 g* 
(0,26 mole) e<-bromo-oC-phenylacetonitrile. The react ion 
mixture was s t i r r e d and allowed to stand for a week at 
room temperature with occasional shaking. At the end of 
t h i s per iod, the r eac t ion mixture was found imchanged. 
The reac t ion flask was then heated on a water bath a t 
70-80° when the urea gradually went in to the so lu t ion . 
The reac t ion mixture was fur ther heated a t t h i s tempera-
ture for nilHi hours . I t was allowed to cool when i t gave 
a dark red viscous mass. To iiie reac t ion mixture 175 ml. 
of water were added and the so lu t ion was s t i r r e d for 
f i f t een minutes and then t ransfered to a separately funnel. 
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The lower layer of the dark red viscous material was 
separated from the top aqueous layer. The viscous 
residue was again extracted with 50 ml. water and the 
aqueous extracts were combined. 
Isolation and purification of the reaction products; 
Water was completely evaporated off from the 
combined aqueous extracts wken a yellow viscous residue 
was obtained. It was dissolved in a mixture of isopro-
pyl alcohol and ethyl alcohol (1:1) and cooled in a 
refrigerator for three days when a small amount of white 
crystalline material was obtained which was filtered and 
found to be very hygroscopic. It could not be recrystal-
lised. 
The solvent was removed from the above filtrate and 
the viscous residue was diluted with water and extracted 
with three 60 ml. portions of ether. The ether was evapo-
rated off and the solid material obtained was redissolved 
in alcohol, filtered and concentrated when a crystalline 
product was obtained melting at 176-177**. The mother 
liquor on further concentration yielded another crop of 
the same crystalline material melting at 174-175.5". The 
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two products were mixed together and dissolved in alcohol, 
charcoaled filtered, concentrated and crystallised when a 
needle shaped compound was obtained which melted with 
decomposition at 178-^ 179"' and weighed 0,75 g. On further 
recrystallisations there was no change in the m.p, and it 
was found identical with the compound II of the composi-
tion GOHQI^O, obtained under the previous condition vjith 
which it gave no depression in a mixed melting point 
determination. 
The aqueous layer left after the extraction with 
ether ¥/as evaporated to dryness and the residue was 
dissolved in '25 ml. of alcohol and heated on a boiling 
water bath and cooled when a white crystalline substance 
weighing 0.1 g. was obtained. It melted at 236-258*' 
(xvrii). 
The mothei|Liquor on further concentration did not 
yield any crystalline material. I^ he solvent was completely 
removed and the residue when hydrolysed with concentrated 
hydrochloric acid gave a crystalline product which weighed 
6.2 g, and melted at 326-328*'. It was purified by dissolv-
ing in sodium hydroxide solution (5 per cent) and then 
precipitating with hydrochloric acid when the product 
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melted with decomposition at 328-334". '-^ his substance 
was found identical with the compound C^oH-.N.O, (¥l) 
18 14 4 4 
with which it gave no depression in a mixed melting point 
determination. 
The dark brown viscous water insoluble material 
left after the reaction mixture v/as extracted with vsrater, 
was then extracted v/ith three 60 ml. portions of ether. 
The ether extracts were combined and concentrated. On 
cooling in a refrigerator for three days, a small quantity 
of crystals was obtained which melted at 160-161" (IX). 
The product weighed 0.2 g. On further recrystallisation 
from alcohol thdaeltlng point rose to 161-162". 
l y s i s : C < H F 
Found: 8 3 . 52 4.42 11, ,91 
Gale.for 
^16^10^2* 8 3 . .48 4.34 12. M 
The ether insoluble -tarry material was dissolved in 
hot alcohol, filtered and cooled when a needle shaped 
crystalline product, melting at 177-178" with decomposi-
tion was obtained. It weighed 1.3 g. This on further 
recrystallisation from alcohol melted with decomposition 
at 178-179" and was found identical with the compound II 
of the composition CQHQN^O. 
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Condition - III 
Condensation of ^ -bromo- ©C-phenylacetonitrile 
with, urea in aqueous solution. 
A 150 ml. round-bottomed flask was equipped with a 
sealed mechanical stirrer, a separatory funnel and a 
rubber stopper, carrying a thermometer and an exit tube 
from which vapours were led to a water outlet. In the 
flask were placed 25 g. (0.12 mole or 15 ml.) of <-bromo-«<-
phenylacetonitrile. I'he flask was heated on a boiling 
water bath and a solution of 20 g. (0.33 mole) of urea in 
50 ml. of water was added in the course of 40 minutes with 
efficient stirring. The reaction mixtiire was further 
refliixed for 20 hours. 
The flask containing the reaction mixture was 
allowed to stand in a refrigerator for 15 days. At the 
end of this period the dark solid mass (fraction B) viiich 
settled at the bottom of the flask was separated from the 
aqueous layer (fraction A) by decantation. 
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Isolation and purification of the reaction products; 
The aqueous solution (fraction A) was extracted 
with tv/o portions of 30 ml. ether and the combined 
etherial extracts were evaporated when a light yellow 
residue was obtained which was dissolved in alcohol and 
crystallised. The crystals weighed 0.9 g. and melted at 
208-209*'. It was dissolved in alcohol, charcoaled 
filtered, concentrated and cooled when a crystalline 
colourless compound was obtained which melted with 
decomposition at 217-218® and was found to be identical 
with the compound III of the composition GQH^^N,0„, 
obtained under the previous conditions by mixed melting 
point determination. 
The aqueous solution was concentrated but no further 
crystalline material could be obtained, therefore it was 
discarded. 
The dark brown solid residue (fraction B) left in 
the reaction flask after the decantation of the aqueous 
layer was dissolved in hot acetone and filtered when a 
small quantity of an insoluble residue was left on the 
Buchaer funnels The filtrate was concentrated and cooled 
- 109 -
in a r e f r i g e r a t o r for a week but i t could not be c r y s t a l -
l i s e d . On removal of the solvent a dark brown tarry-
residue was obtained, which was t reated with sodium 
hydroxide (15 per cent) and refluxed for one hour, cooled, 
f i l t e r ed and ac id i f ied with hydrochloric acid (9 per cen t ) . 
A brown p r e c i p i t a t e was obtained, which melted at 155-"137*' 
(XIX) and weighed T g. The product could not be further 
pur i f i ed . 
The acetone insoluble residue l e f t on the Buchner 
fxmnel was dissolved in hot sodium hydroxide solut ion 
(20 per cent ) f i l t e r e d and p rec ip i t a t ed with hydrochloric 
acid (9 per cent) when a l i g h t yellow substance was p r e c i -
p i ta ted which melted a t 299-302'»# (XX). The crude product 
weighed 0»55 g. and i t could not be fur ther processed. 
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Condition - lY 
Condensation of©<-bromo-<-phenylacetonitri le 
with urea in alcohol (50 per c en t ) . 
A 250 ml. three-necked round-bottomed flask was 
f i t t ed with a mechanical s t i r r e r , a dropping funnel and 
a rubber s topper , carrying a thermometer and an ex i t 
tube, from which vapours were led to a water o u t l e t . In 
the f lask were placed 100 ml. of alcohol (50 per cent ) 
and 20 g» (0»33 mole) of u rea , 3)h.e mixture was s t i r r ed 
and the f lask was heated on a water bath when a paste 
was formed. 15 ml. (0,12 mole or 25 g») ofo^'-bromo-cK-
phenylace ton i t r i l e ( I ) were added dropwise from the 
separatory funnel during the course of 45 minut§s. The 
mixture was fur ther refluxed for ten hours , cooled and 
then t rans fe r red to a separatory funnel. '-Che top layer 
of alcohol-water so lu t ion ( f rac t ion k) was separated from 
the dark brown heavy layer ( f rac t ion B). 
The alcohol-water soluble f rac t ion A was concentra-
ted under reduced pressure to hal f of i t s . o r i g i n a l volume-
I t was then extracted with two 50 ml. por t ions of e ther . 
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The ether extracts were combined, washed with water, dried 
over anhydrous sodiiM sulphate and then evaporated to 
dryness when a solid residue was obtained, which on crystal-
lisation from alcohol gave a needle shaped crystalline 
product melting at 177-178". A second crop of ciystals was 
also collected from the alcohSlic mother liquor. They 
melted at 176-177.5**. 
The products melting at 177-178.5*' and 176-177.5*' 
were combined and weighed 0.4 g. and were dissolved in 
alcohol water mixture, filtered, concentrated and crystal-
lised when fine colourless needles were obtained which 
melted at 178-179*' with decomposition. On further recrys-
tallisation the m.p. could notbe raised. This substance 
was found identical with the compound CQHQN,0 (II) which 
was isolated from the previous reactions under the conditi-
ons 1 and 2, 
The ether insoluble yellow coloured aqueous solu-
tion was diluted with 50 ml. of alcoh81, cooled in a 
refrigerator but it did nowield any crystalline material. 
Therefore, the solvent was removed when 38 ml. of a 
viscous yellow coloured oily residue was obtained. This 
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was t ransfer red to a 250 ml. roimd-bottomed flask to which 
40 ml. of concentrated hydrochloric acid were added. The 
flask wag heated on a water bath when a c r y s t a l l i n e product 
began to separate a f t e r 20 minutes hea t ing . li^e heating 
was further continued for two hours . The contents of the 
f lasks were cooled and f i l t e r e d to remove the c rys ta l l ine 
mater ia l Tjhich vihen dried weighed 4 g. and melted vjith 
decomposition a t 324-326°. The hydrolysis was repeated by 
the addi t ion of 20 ml. of a fresh quanti ty of concentrat-ed 
hydrochloric acid t i l l no more c r y s t a l l i n e product was 
obtained from the yellow o i ly res idue. She o i ly residue 
which could notbe fur ther hydrolysed with hydrochloric 
acid was r e j ec t ed . 
The c r y s t a l l i n e product melting at 124-328" obtained 
by the hydrolys is of the yellow viscous o i ly residue v?ith 
concentrated hydrocdaloric acid was foiond to be h i ^ l y 
insoluble in water, alcohol and in almost a l l organic 
so lvents . I t was also found insoluble in hydrochloric acid, 
ammonium hydroxide and sodium bicarbonate solut ion but i t 
dissolved read i ly in sodium hydroxide so lu t ion from which 
i t was p rec ip i t a t ed by passing a stream of carbon dioxide. 
This process was Repeated but the product obtained gave 
no de f in i t e m.p. therefore i t was pur i f ied by dissolving 
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in sodium hydroxide (5 per cent) and precipitating it with 
hydrochloric acid (10 per cent) when the product obtained 
melted at 328-534® with decomposition. This substance 
was found identical with the compound (Vl) of the composi-
tion G^gH^.H.O., obtained in the previous conditions. 
The dark brown heavy layer (fraction B) was dissolved 
in hot alcohol and filtered. The insoluble residue was 
found to be inorganic matter and therefore it was rejected. 
The alcoholic filtrate was concentrated and cooled when 
a light yellow crystalline product was obtained which 
melted at 208-210° and weighed 1 g. The mother liquor 
on further concentration did not yield any more crystalline, 
product, therefore, the solvent was removed by evaporation 
leaving behind a dark brown tarry residue (fraction C) 
which weighed 30 g. 
The product melting at 208-210° was warmed with 
sodiiim hydroxide solution (5 per cent) and filtered. The 
residue was washed with water and dissolved in alcohol, 
charcoaled and filtered. The filtrate on cooling deposited 
a white crystalline product which was filtered, wahhed 
and dried when it melted at 217-218". The product^was 
found to be identical with the compound of molecular 
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formula GqH^ I^T^ Opf obtained in the previous conditions 1 
and 3. 
The sodium hydroxide solution was acidified vsith 
hydrochloric acid (9 per cent) v/hen a yellow precipitate 
was obtained. The precipitate was dissolved in alcoh#l-
water mixture and filtered. The filtrate was concentrated 
and on cooling a crystalline product was obtained which 
melted at 172-174" and weighed 0,2 g. This product was 
recrystallised from alcohol when the m.p. was raised to 
178-179.5®• On further recrystallisation the product 
melted at 184-185** and was found to be identical with the 
compound CnHgNpOp (V), obtained by the condensation of 
oC-bromo-eC-phenylacetonitrile with urea -under the 
condition 1. 
The tarry residue (fraction G) which weighed 30 g. 
was transferred to a round-bottomed flask, fitted with a 
reflux condenser. To the flask were added 50 ml. of 
concentrated hydrochloric acid and refluxed on a heating 
mantle for ten hours. At the end of this period the 
flask was cooled and the acidic layer was separated from 
the residue by decantation. The acidic layer was then 
diluted with water and extracted with two 30 ml. portions 
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of ether. 3!he acidic aqueous layer was rejected. The 
ether solution was washed with water, dried over anhydrous 
BOdium sulphate and evaporated to dryness when a product 
was obtained which melted, at 116-117** and weighed 2,1 g. 
The unhydrolysed residue left in the flask after the acid 
hydrolysis was again refluxed with 30 ml. of concentrated 
hydrodiloric acid and the process was repeated thrice till 
no more ether soluble.product could be obtained by the 
acid hydrolysis. The unhydrolysed residue left in the 
flask was marked fraction D. 
The product melting at 116-117®, obtained by the 
hydrolysis of the brown tarry material with concentrated 
hydrochloric acid, was dissolved in 50 ml. of hot 
benzene, charcoaled and filtered. The filtrate was concen-
trated and crystallised by cooling in a refrigerator when 
a white shiny crystalline product was obtained which when 
dried weighed 1 »8 g, and melted at 118.5**. This was found 
identical with the compound OgHgO-, obtained by the hydro-
chloric acid hydrolysis of the tarry residue obtained in 
the condensation reactions with urea under the condition 1. 
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The fraction D #iich could not be further hydro-
lysed with hydrochloric aci,d, was washed wLth water and 
treated with t 50 ml. of sodium hydroxide solution (20 per 
cent) and refluxed for 4 hours. The flask was cooled, the 
alkaline solution was diluted to 100 ml. and filtered, when 
a dark brown solution was obtained which was acidified with 
concentrated hydrochloric acid, when a black tarry residue 
was deposited which was separated by filtration and on 
further acidification of the filtrate a yellow precipitate 
was obtained^ It was kept over night and then filtered. 
The filtrate was rejected and the precipitate was re-
dissolved in sodium hydroxide solution (10 per cent), 
charcoaled and filtered. The filtrate was washed with two 
portions of 50 ml. ether in order to remove the colouring 
matter. The aqueous solution was now acidified with hydro-
chloric acid (18 per cent) till acidic to Congo red when a 
yellow precipitate was obtained which was filtered and 
dried when it weighed 2.0 g. and melted at 154-155»6*'. 
This was recrystallised from alcoh81 when it melted at 
158-.159®. The compound XI was further purified by subli-
mation under reduced pressure and also by crystallising it 
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with benaene but melting point could not[be raised 
.ysis: C •H 
Found: 76.69 4.08 
Gale.for C. fi^i QO^: 76.79 4.03 
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STUDIES IN THE REACT lOK Of o<-BEOMO-oC-PHENYLAOETONITRILE 
V/ITH AMMOUIUM CARBONATE 
Condition - I 
G. Condensation ofpt-'bromo-oC-plienylacetonitrile 
with ammonium carbonate in alcohol (95 per cent) 
A1500 ml. three-necked, round-hottomed flask was 
f i t t e d with a mechanical s t i r r e r , a thermometer and an 
exi% tub^ carrying a U-tube from which lachrymatric 
vapours \J9ere led to a water o u t l e t . In t h i s flask were 
taken f ine ly powdered ammonium carbonate 85»5 g. (0.75 
mole) with 100 ml. of e thy l alcohol (95 per c e n t ) . I'he 
mixture i/?as s t i r r ed and the en t i r e quant i ty of o^-bromo-oC-
pheiqylacietonitrile, obtained from 29.23 g. (0,25 mole) • 
benzyl cyanide, was added to the reac t ion f lask which was 
heated for four hours at 50-60** on a water-bath . The 
undissolved ammonium carbonate gradually went into the 
solution} with the formation of a thick brown o i l , '^<?hich 
se t t l ed iat the bottom when s t i r r i n g was stopped. After 
the reac t ion v/as over the solvent was removed under 
reduced p ressure , A dark brown thick oily residue was 
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obtained on cooling. It was washed with two portions of 
60 ml. of water in order to extract the water soluble 
products. The aqueous washings (fraction A) were collected 
separately and the solid residue was treated with hot 
alcohol and filtered. The insoluble residue consisting of 
inorganic matter was rejected and the alcoholic solution 
(fraction B) was kept separately for further processing, 
Isolatioi^ and purification of the reaction products; 
The aqueous solution (fraction A) was allowed to 
stand overnight in a refrigerator when a small quantity 
of a brown crystalline product was deposited which v,?as 
separated by decantation. The crude product melted at 
206-208°, which on recrystallisation from alcohol water 
mixture melted at 217-218'*. The aqueous mother liquors 
v;ere evaporated to dryness, when a residue v/as obtained, 
consisting of ammonium bromide and ammonium carbonate. It 
was rejected^ 
The hot alcoholic solution (fraction 3) of the 
water insoluble residue of the reaction mixture was 
treated with charcoal, boiled for a few minutes and 
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filtered !when a dark brown solution was obtained, which, 
was concentrated and kept in a refrigerator for crystalli-
sation, A white crystalline product was obtained which 
was filtered and dried. It weighed 2*5 g. and melted with 
decompesition at 219-220°, Further concentration of the 
mother liquor and cooling yielded another crop of 4.5 g» 
of the cjf^ de product, which melted at 200-205*'. The 
alcoholic mother liquors (fraction C) were kept separately 
for further processing, 
Tlje product melting at 219-220'» (2,5 g.) was 
dissolved in 75 per cent hot alcohol, charcoaled, filtered, 
concentrated^and crystallised when it melted at 217-218° 
and was found to be identical with the substance obtained 
from the! aqueous washings. 
A: purified sample of the compound III was found to 
be identical with the compound GqH-.N^Op obtained in the 
condensation reactions of oC-bromo-oC-phenylacetonitrile 
with urea under the conditions 1,5 and 4. 
the crude product melting at 200-205° obtained 
from th^ alcoholic mother liquors was washed with a little 
dilute podium bicarbonate solution and then .extracted with 
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several port ions of hot water. The hot aqueous ext rac t 
on cooliiig deposited a substance v\?hich when re c rys ta l l i sed 
from alcQhol melted at 217-218** and was ident i f ied as the 
same sulDgtance as I I I . The hot water inCsoluble residue 
was disscjlved in a lcohol , charcoaled, f i l t e r e d aid subjected 
to c rys tg . l l i s a t ion , when a small quanti ty (0,8 g.) of 
another jiroduct melt ing a t 160-161® was obtained. On 
fur ther d rys ta l l i s a t i&n from alcohol melting point of the 
product ^as ra i sed to 161-162® and the substance was found 
i d e n t i c a l with the compound (IX) of the molecular formula 
C g^H^QNp1 obtained under the condit ion 2 of the condensation 
of eC-broijio-eC-phenylacetonitrile with u rea . 
The a lcohol ic mother l iquors obtained a f t e r the 
removal pf the compound C^ gH^QlTp on fur ther concentration 
gave a piipoduct melt ing a t 223-224®. This product on 
fur ther c r y s t a l l i s a t i o n from alcohol water mixture melted 
at 217-2J18® and was found to be i d e n t i c a l with the 
compo\indi GQH. .N^Op ( I I I ) . Thus the t o t a l quanti ty of the 
product CqH^^ N^Og obtained in t h i s experiment was 7 g« 
Tjae a lcohol ic mother l iquors ( f rac t ion 0) obtained 
i 
af te r th^ removal of the products melt ing a t 219-220® and 
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200-203** I on further concentrat ion did not y ie ld any more 
c r y s t a l l i n e ma te r i a l . Therefore, the solvent was complet-
ly removed and the res idue was t rea ted with a solution of 
sodium hifdroxide (10 per cent) warmed on a water-bath, 
cooled a4d f i l t e r e d , "^ he f i l t r a t e was ac id i f i ed with 
hydrochl(i)ric acid (12 per cent) when a white gelatinous 
p r e c i p i t i t e was obtained was f i l t e r e d and dried when.it 
weighed 0.5 g. and melted a t 283-285** with decomposition, 
The sodium hydroxide insoluble residue which consisted of 
a black t a r r y matter and could not y ie ld any further crys-
t a l l i n e i)roducts was discarded. 
The product melt ing a t 283-285° when dissolved in 
sodium h;jrdroxide (10 per cent) gave a red coloured solu-
t i on , which was f i l t e r e d . A stream of carbon dioxide 
was passed through the so lu t ion , u n t i l i t was saturated, 
when a ^ i t e p r e c i p i t a t e was obtained. The p rec ip i t a t e 
was f i l t e r e d , washed with water and dr ied , when i t melted 
at 284-286**, This compound, was insoluble i n water, e ther 
and benzfene but s l i g h t l y soluble in alcohol-acetone 
mixture ( 4 : 6 ) , ace t i c ac id , nitrobenzene "and readi ly 
soluble jin sodium hydroxide, therefore i t was purif ied 
by dissoJLving in a la rge excess of these solvents when a 
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a white c r y s t a l l i n e compound (XVII) melting at 290-293" 
with decomposition, was obtained. 'Ehis compound on micro-
analysis igave the following r e s u l t s : 
Analysis: 
Sample ci^ystall ised from: 
C H H 
.' . • • 
(a) Alcoliol-Acetone (4:6) 63*84 4»77 13»17 
(b) Acetic Acid 64.49 5,07 * 13.01 
i 
(c) Nitr<bbenzene 63.13 5«02 12.72 
(d) P rec ip i t a t ed from NaOH 
soluition by the addi t ion 
' of HCr 64.41 4.89 12.37 
^^ ^ M%ifteli|4tfi°S|0 H^ ^ 65.95 4*43 13.43 
Galc^for G^^H^^N^O^: 66*45 4.23 13.68 
Galc|afor G^gH^^N^O^: 63*71 5*05 12.38 
Galci.for G^^H^^N^O^: 66.20 5*i 14*45 
Calcl.for C24^22°5^4* ^^'^^ ^*'^^ ^^'^^ 
'iii.e r e s u l t s of micro analysis are not consis tent 
and theilefore i t i s very d i f f i c u l t to ass ign any molecular 
formula I to t h i s compound bu t , as a f i r s t approximation 
the molecular foimula Gp.HppN.Oc may be adopted, for the 
present ; 
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Condition - I I 
Condensation of tC-bromo-oC-phei^lacetonitrile 
i?$th ammonium carbonate in 50 per cent alcohol. 
A|three~neeked 1 l i t . round-bottomfed f lask was 
f i t t e d with a mechanical s t i r r e r , separatory funnel and 
an ex i t tube carrying a U-tube from which vapours were 
i 
led to a I water o u t l e t . A theiiaometer was also introduced 
through the neck carrying the separatory funnel. Finely 
powdered! ammonium carbonate 171 g . (1#5 moles) and 200 ml, 
of alcoht)l (50 per cent) were taken in the f l a sk . The 
mixture ^as s t i r r e d when a paste was formed, l^ he react ion 
flask wag then heated on a heat ing mantle and when the 
temperatjire reached 52*, s<-bromo-c<-phenylacetonitrile, 
obtained! from 58,4 g. (0,5 mole) of benzyl cyanide was 
added through the separa tory funnel during the course of 
15 minutes when the undissolved ammonium clarbonate also 
went in tp the so lu t ion . The heat ing was continued for 
five houjrs a t 50-60" with vigorous s t i r r i n g . At the end 
of t h i s period temperature was ra ised and the mixture 
was refljuxed for 30 minutes in order to complete the 
- 125 -
reaction!. The flask was cooled when'a thick brown oil was 
formed x's^icii settled at the bottom when stirring was stopp-
ed. 5}hei dark- oily layer when allowed to cool became 
viscous ^nd gradually it became a solid 1nass» The liquid 
portion bf the reaction mixture with considerable un-
dissolved yellow crystalline material was removed by 
decantatlon (fraction A) and the dark brown solid residue 
which regained in the flask was extracted with 3 portions 
of 60 ml, water. The aqueous extract was kept separately 
(fractlok B) for further processing and the insoluble 
residue was marked as fraction C, 
Isolatloja and :^urification of the reaction products; 
Tjhe decanted solution (fraction A) was evaporated 
to dryness under reduced pressure. She residue thus 
obtained! was washed with three portions of 100 ml. hot 
i 
water, i'n order to remove water soluble products and 
aqueous washings were combined with the fraction 3 for 
further Iprecessing. The hot water insoluble residue 
thus obtjained was dried, when it weighed 14.2 g« and 
melted with decomposition at 250-257". It was purified 
by dissolving in sodium hydroxide solution (5 per cent). 
The solution was charcoaled and filtered to a clear light 
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•reddish so lu t ion . The alkal ine so lu t ion was acidif ied 
with hydihochloric acid (10 per cent) when a p rec ip i t a t e was 
obtained which was f i l t e r e d , washed with water. I t melted 
with decomposition at 281-283®* By repeating the process 
the melting point of the substance could nolfce ra ised any 
fu r the r . i The compound was only s l i g h t l y soluble in hot 
water , acetone and alcohol but inso luble in ether and 
benzene.! Therefore, the product melting at 281-283® was 
fur ther pur i f ied by r e c r y s t a l l i s a t i o n from alcohol-acetone 
mixture (6:4) when a vtoite c r y s t a l l i n e product was obtained 
which mej-ted a t 290-293® and showed no depression in a 
mixed meJLting point deteimination with the compound 
^24^22^4^5 (XVII) obtained under the condi t ion 1. /" 
The fractistti B, cons is t ing of the combined aqueous 
ex t rac t and the washings, was evaporated to dryness uhder 
reduced.pressure. The residue thus obtained was washed 
with two; port ions of 50 ml. cold water in order to remove 
ammoniun^ bromide and ammonium carbonate* A residue was 
obtained which when d r i e d , weighed 7<»3 g. and melted at 
205-209°! with decomposition. This was dissolved in 
alcohol,! boiled with a l i t t l e charcoal and f i l t e r e d rnis 
when a c l ea r so lu t ion was obtained which was concentrated 
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and keptj in a refrigerator for crystallisation when 
I 
colourless long needles were obtained. %ey melted with 
decomposition at 217-218*', This product was found identi-
i 
cal with the compound GQH^-N-,OP (III), which was obtained 
under thp condition 1 and with v^ hich it showed no depression 
in a mixed melting point determination. 
The residue (fraction C) was dissolved in alcohol 
heated a^d filtered and the insoluble material when dried 
melted oyer 280°. The dark brown filtrate was then treated 
with activated charcoal boiled for a few minutes and 
filtered!. A clear dark brown filtrate w^s obtained. It 
was concentrated and kept in a refrigerator for crystallir 
sation. A brown crystalline product was obtained which 
was filt3red and dried when it weighed 6 g. and melted 
at 116-117°. The mother liquor was concentrated but no 
further jproducts could be obtained. Therefore it w#s 
rejected^ ' 
The c*8de product melting at 116-117" was purified 
by dissolving 0»2 g. of the substance in sodium bicarbo-
nate solution (5 per cent). The product while going into 
the solution gave vigorous effervescence indicating the 
presence of an acid. The solution was charcoaled and 
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f i l t e r e d to a c lear l i g h t yellow so lu t ion , '^he f i l t r a t e 
was ac id i f i ed with hydrochloric acid (9 per cent) when a 
colour less p r e c i p i t a t e was obtained, which was f i l t e red 
and dried when i t weighed 0*15 g. The substance was 
r e c r y s t a l l i s e d from benzene when a white c rys t a l l i ne 
compound (VIII) was obtained melting sharply a t 118,5® and 
was found to be iden t i ca l with the compound GgHgO- iso-^ 
la ted fi^ om the reac t ion mixture of »i^i»bromo-»«ii-wphenylaceto-
n i t r i l e jwith urea under the condit ions 1 and 4 . 
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Oondition - III 
Cdndensation of t^- lsromo-^-phenylacetoni t r i le 
with ammoniuai carbonate in 50 per cent alcohol. 
In ai three-necked 1 l i t . roixnd-bottomed f lask , f i t t ed 
with a rubbter cork, carrying a dropping funnel and a thei^o-
meter, a seb-led s t i r r e r and an a i r condenser carrying a 
U-tube from| which vapours were led to a water o u t l e t , were 
placed ammobium carbonate 171.0 g. (1,5 moles) and 200 ml, 
of alcohol 1(50 per c e n t ) , She mixture was s t i r r e d , when 
a pas te wasj formed, The reac t ion flask was then heated on 
i 
a heat ing njantle a t 50". To l i i is ©C-brcmo-a^-phenylaceto-
n i t r i l e 44 iml., (obtained from 0,50 moles of benzyl cyanide) 
J 
was added through the dropping funnel during the course of 
one hour with const#nt s t i r r i n g . The flask was fur ther 
heated for Ian hour at SQ-SO** and was then kept for a week 
at the roonji temperature. At the end of t h i s period the 
f lask was iga in heated for four hours a t 50-60® and f ina l ly 
refluxed f<j>r 30 minutes in order to complete the reaction<# 
i 
The thick dark brown o i l formed during the reac t ion was 
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allovi?ed to s e t t l e at the bottom of the f lask and # i i l e the 
so lu t ion was s t i l l hot the jsupernatent aqueous a lcohol ic 
f rac t ion was decanted ( f rac t ion A). The residue (f ract ion B) 
was washed with three porti^ons of 30 ml. of hot water and the 
washings were mixed with the decanted aqueous a lcohol ic 
f ract ion A. 
I so la t ion and p u r i f i c a t i o n of the reac t ion products ; 
The combined aqueou^ a lcohol ic f ract ion A and the 
aqueous washings were conceintrated to a small volume and 
allowed to cool when a sol id product separated, which was 
f i l t e r ed and d r ied . I t weighed 4.5g. and melted a t 209-211'' 
with decomposition. The f i l t r a t e was further concentrated 
when a second crop of the ^ame product was obtained which 
decomposed a t 211-212°. Tiie mother l iquor was then evapora-
ted to dryness when a browri res idue was obtained consist ing 
of ammonium bromide and amiiionium carbonate, which was 
re jec ted . i 
The products meltin, 
mixed and dissolved in alcct)hol 
c lear f i l t e r a t e was concen 
c r y s t a l l i n e product was ob' 
substance was found iden t i ca l 
a t 209-211" and 211-212" were 
, charcoaled and f i l t e r e d . The 
crated and cooled v;hen a white 
sained, melting at 217-218". Th|s 
with the compoimd CqH^^N-Op ( i l l ) . 
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obtained under the conditlohs 1 and 2, with v;hich it gave no 
depression in a mixed meltijag point determinationo 
The dark brown solid! residue (fraction B) obtained 
j 
af te r the decantat ion of thg reac t ion mixture was t rea ted with 
500 ml, alcohol (95 per cen|t) , heated and f i l t ered ^ len an 
insoluble d i r ty-whi te residiie was l e f t on the Buchner funnel. 
I t was washed with 250 ml. p-lcohol. The alcoholic solution 
and the washings were concejitrated and cooled in a re f r ige ra -
to r for three days v/hen a white c r y s t a l l i n e product was 
obtained, v/hich weighed 1. ^ and melted a t 157-159®• This on 
r e c r y s t a l l i s a t i o n from alcohol gave white shining p la tes 
which weighed 0*85 g. and mblted at 161-162". This compound 
was found i d e n t i c a l with IXl, obtained under the condition 1. 
i 
The mother l iquors ( f rac t ion C) were kept separately for 
fur ther process ing. 
The d i r t y white residue l e f t on the Buchner funnel 
was freed from ammoniiim carbonate and ammonium bromide by 
washing v/ith three portions: of 100 ml. water when a residue 
was l e f t on the Buchner funnel # i ich weighed 9 g« and melted 
at 272-274°. This was dissolved in sodium hydroxide solution, 
charcoaled and f i l t e r e d . A stream of carbon dioxide was 
passed through the so lu t ion when a p r e c i p i t a t e was obtained 
which was f i l t e r e d washed ajid d r i ed . I t weighed 70 2 g, and 
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melted v/ith defi:bmposition at 282-284". It was further puri-
fied by recrystallisation from acetone-alcohol (4:6) mixture. 
A pure substance melting at 290-293* was obtained which was 
found to be identical with the compound O^tjipp^AQtr (XITII) 
obtained under the conditions 1 and 2. 
The alcoholic mother liquors (fraction G) were concen-
trated and cooled but no crystalline product separated. There-
fore, it was evaporated to dSryness, A dark brown viscous 
residue was obtained. It was placed in a 150 ml. round-
bottomed flask, with 50 ml. of sodium hydroxide solution 
(20 per cent) and refluxed for four and a half hours. The 
reaction mixture was cooled and extracted with ether. On 
evaporation it gave a viscous brown oily residue which could 
not be crystallised and therefore it was rejected. However, 
the aqueous alkaline fraction when neutralised with hydro-
chloric acid (20 per cent) gave a light yellow precipitate 
which when dried weighed 1.5 g. and melted at 115--119#5*'. 
It was dissolved in alcohol, charcoaled and filteredo The 
filtrate on concentration gave a yellow;^ ish substance, which 
melted at 154-155•5". This was further purified by recrys-
tallisation from benzene when shining yellow needles were 
obtained (XI) which melted at 158-159*" and it was found to be 
identical with the compound C^gH^QO^ (Xl) which was obtained 
in the condensation reaction ofoC-bromo-«C-phenylacetonitrile 
with urea under the condition 4. 
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Condition ~ lY 
Condensation ofoC-bromo-^C-phenylacetonitrile 
with ammonium carbonate without so lvent . 
In a three-necked round-bottomed f lask , f i t t e d with a 
sealed mechanical s t i r r e r , a thermometer and an ex i t tube 
carrying a U—tube from which vapours were led to a water out 
l e t , were placed f ine ly powdered ammoniiim carbonate 85»5 g» 
(0.75 mole) and 29#2 g. (0«25 mole) of el-bromo-oC-phenylaceto-
n i t r i l e . ^^ he r eac t ion mixture was heated on a boi l ing water-
bath with good s t i r r i n g , l^ he ammonium carbonate gradually 
went in to solut ion and in 40-45 minutes i t was completely 
dissolved. At the end of t h i s per iod , the reac t ion flask 
was fur ther heated for two hours and then cooled to room 
temperature when a dark brown viscous residue was obtained 
which was t r e a t e d with 100 ml. of hot water in order *to 
ex t rac t water soluble products . The hot aqueous layer 
( f rac t ion A) was decanted off and the residue ( f rac t ion B) 
was fur ther extracted twice with 30 ml. por t ions of hot 
water. 
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Isolation and purification of the reaction products; 
3)he combined aqueous extract (fraction A) and washings 
when allowed to cool deposited a yellow crystalline material. 
It was allowed to stand ovemi^t to complete the crystallisa-
tion, 'Ihe crystalline material was filtered and washed twice 
with cold water, ^he product was recrystallised fro222 alcohol 
when it melted with decomposition at 220.5-221.5*' and weighed 
2,2 g. However, on further recrystallisation the product 
melted with decomposition at 217-218® and the melting point 
did not change on repeated crystallisations, This product 
was found to be identical with the compound CnH^.N^Op (III) 
obtained in all the previous experiments. 
The aqueous mother liquor which on concentration did 
not yield aiiy crystalline material was evaporated to dryness 
when a small quantity of a brown crystalline inorganic 
residue was left behind. 
The dark brown viscous residue (fraction B) left after 
the extraction with hot water fp-s dissolved in ajbohol but 
no crystalline material could be obtained. The alcohol was 
removed and the residue was subjected to hydrolysis by 
refluxing for 2 hours with sulphuric acid solution (40 per 
cent). The hydrolysate was freed from sulphuric acid by. 
the addition oAiarium hydroxide. The sulphate free aqueous 
solution was concentrated and cooled but no crystalline 
material was obtained. 
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D. IDENTIFICATION 01 THE PRODUCTS OHEAIHED BY THE CONDENSATION 
OP 0<-BROMO-e><^PHENYLAGETONITRIIE WITH UEEA AND AMMONIUM 
CARBONATE 
Identification of the oompound (II). 
The compound (II) with molecular formula CQHQN,© 
melting at 179® was found in its physical and chemical 
behaviour to agree with©^-ureido-c<-phenylacetonitrile 
(e<-*phenylhydantoicnitrile). This compound has been 
10 
reported by Pinner and Lifschutz who reported a melting 
point of 178° for the compound but in the present work a 
melting poing 178-179" was observed. 
Identity of the compound GQHQN,0 (II) ase^-Ureido-K-
phenylacetonitrile was confirmed on the basis of the follow-
ing studies: 
(1) A mixed melting point determination of K-ureido-K-
phenylacetonitrile with an authentic sample showed no 
depression. 
(2) In the -NH streching region the sample gives three 
bands. The first of these at 2.9 M can be attributed to an 
-NH group and the second which is split into two at 3»0yM. 
and 3»1yM can be assigned to an -NHp group. In the carbo-
nyl region the substance has one peak at 6.1/^ which can be 
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assigned to an amide carbonyl. This sh i f t to longer wave 
length has also been noticed in the case of other subs t i -
tuted ureas R-KHCOHHp. The Infrared spectrum also con-
ta ins a band a t 4 .5M ind ica t ing the presence of the 
n i t r i l e group. Please see p l a t e N o . l 
( 3 ) . Conversion of<C-ureido-^-phen.ylacetoni t r l le in to 
5-phenylhydantoin. 
^-Ureido-0«(^-phenylacetonitrile (0.5 g.) was placed in 
a 50 ml. round-bottomed f lask and t r ea ted with 15 ml. of 
hydrochloric acid (18 per cent) when a port ion ofo^-ureido-
o(;;-phenylacetonitrile dissolved with evolution of hea t . 
The f lask was heated when the remaining compound ( I I ) also 
went in to the so lu t ion . The r eac t ion mixture was refluxed 
for 1.5 hours and cooled to room temperature when colourless 
c r y s t a l l i n e 5-phei^lhydantoin (Y) was obtained, which was 
f i l t e r e d washed and dried when i t weighed 0.35 g. and 
melted a t 182.5-183.5°. V on r e c r y s t a l l i s a t i o n from 
alcohol water mixture melted a t 184-185®. A mixed melting 
point of t h i s compoiind was taken with an authent ic sample 
of 5-phenylhydantoin and i t showed no depression-r Infrared 
spect ra of the two samples of 5-phenylhydantoin were a lso 
superposable. 
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(4 ) . Synthesis ofpfc-ureido-Kj^-phenylacetonitrile; 
(1) Mandeloni t r i le . 
In a 1 l i t . three-necked f l a sk , f i t t ed with a 
mechanical s t i r r e r and a separatory funnel, was placed a 
solut ion of 50 g. of sodium cyanide dissolved i n 100 ml. of 
water. 53 g. (61 ml.) of freshly d i s t i l l e d benzaldehyde 
was then added. The reac t ion mixture was s t i r r e d and a 
sa turated so lu t ion of sodiiim hydrogensulphite (250 g, 
dissolved in 335 ml. of water) was slowly added through the 
dropping funnel with simultaneous addi t ion of cmished ice 
to keep the temperature of the reac t ion mixture low. In 
a l l 150 g. of crushed ice was added to the react ion mixture. 
The f i r s t ha l f of the sodium hydrogensulphite solution was 
added slowly as described above, but the second half was 
added a b i t rapidly and the addi t ion was completed in 
20 minutes. The reac t ion mixture was fur ther s t i r r ed for 
5 minutes and then the e n t i r e volume was t ransfer red to a 
1 l i t . separatory funnel i n which i t was allowed to stand 
for one hour. The lower layer of red o i ly mandelonitr i le 
was then separated from the aqueous layer and measured 50 ml. 
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(2) Condensation of Mandelonitri le with urea . 
oC-Ureido-oC-phenylacetonitrile was prepared according 
10 to the method of Pinner and l i f s chu tz o 
In a 500 ml. wide-mouth roimd bottomed flask were 
placed 50 ml. of mandeloni t r i le and 25 g. of f inely powdered 
and dr ied u rea . The f lask was heated on a boi l ing water 
bath for 15 minutes, with occasional shaking when the urea 
completely dissolved. The react ion mixture ?:l:i was allowed 
to stand overnight, and then again heated on the water bath 
for s ix hours and f ina l ly on an o i l bath for 1,5 hours a t 
100° (+ 5°)« The reac t ion mixtiire was then cooled and the 
sol id mass formed was dissolved in 150 ml. of hot alcohol 
and f i l t e r e d to remove a small quanti ty of undissolved 
mate r i a l . The alcohol was evaporated under reduced pressure 
and the so l id residue formed on cooling was washed with six 
port ions of 75 ml. of e ther to remove e ther soluble impuri-
t i e s . The e ther insoluble brown residue was then washed 
with cold water to remove the unreacted urea and the residue 
was dissolved in 200 ml. of alcohol, charcoaled, f i l t e r e d , 
concentrated and cooled in a r e f r i ge r a to r when «(*-ureido-X-
phenylace toni t r i le ( I I ) was deposited a s IWlght yellow 
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coloured c r y s t a l l i n e p la tes f They were f i l t e r e d , washed, 
dried and weighed 41 g. (57 per cent y i e l d ) . This product 
when heated softened a t 167** with a change of colour at 
172*5^ and f i na l l y melted with decomposition a t 177-178*. 
'%e mother l iquors on fur ther concentrat ion yielded two more 
crops of the same oompound. The crude product was p t r i f i e d 
by d isso lv ing 3 g. of the mater ia l in 100 ml. of alcohol . The 
solut ion was charcoaled, f i l t e r e d , concentrated and allowed 
to cool in a r e f r i g e r a t o r when colourless c ry s t a l l i ne 
c<-ureido-oC-phenylacetonitr i le was obtained which was 
f i l t e r e d , washed and dried when i t weighed 2 g. and melted 
with decomposition at 178-179®. 
Analysis: C H N 
Pound: 61, .32 4. .93 23.77 
Gale.for G^  jHgN30: 61. .70 5. .18 23.99 
Identification of the compound Ill m--Ureido--M--phenyl-
acetamide: 
Chemical c h a r a c t e r i s t i c s of the compotmd I I I , melting 
at 217-218® with molecular formula OoH^^ N^Op correspond to 
the s t ruc tu re of «iC-ureido-c<-phenylacetamide ( o^-phenyl-
hydantoic acid amide ' . 
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11 Pinner and Spi lker reported m.p.223° for<?-ureido-
c<-phenylacetamide. When t h i s product was i so la ted from the 
alcohol ic solut ion of the react ion mixture, as described 
under the f i r s t experiment, i t melted a t 223-224-°, hut on 
fur ther c r y s t a l l i s a t i o n from alcohol water mixture the m.p. 
changed to 217-218**, and then remained constant in sp i t e of 
repeated c r y s t a l l i s a t i o n s . Therefore, i t i s concluded that 
the product melt ing a t 217-218", represents the s tab le form 
of ^ - u r e i d o - «»|-phenylacetamide. 
Confirmation for t h i s s t ruc tu re was obtained on liie 
bas i s of the following chemical t ransformations. 
(1) Conversion i n t o 3-phenylhydantoin (Y); 
c<-Ureido-s<-phenylacetamide 0.5 g. was added to 15 ml-
of hydrochloric acid (18 per cent) in a 100 ml. round-
bottomed f lask f i t t e d with a ref lux condenser. The flask 
was heated on a heat ing mantle when the I I I went into the 
so lu t ion . Heating was continued and the mixture was refluxed 
for one hour and 45 minutes. At the end of t h i s period 
heat ing was stopped and the f lask was allowed to stand over-
n igh t . The c r y s t a l l i n e p la tes which separated were f i l t e r ed 
and washed with two por t ions of 15 ml. cold water and dried 
in an oven, ^he product obtained weighed 0,3 g. and melted 
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at 178,5-180®. On r e c r y s t a l l i s a t i o n from alcohol (80 per 
cent) i t melted a t 184-185° and was found to be iden t i ca l 
11 with 5-piien3rlhydantoin for which Pinner and Spilker 
reported melting point 179«5-180.5*'. A mixed melting point 
determination with an authentic sample of 5-phenylhydantoin 
(7) gave no depression, The Ul t r av io le t and the Infrared 
spectra of the tv/o compounds were superposable. 
(2) Hydrolysis with d i l u t e a l k a l i - Conversion toji^-phenyl-
hydantoic acid ( lY) : 
In a round-bottomed f lask , f i t t e d with a reflux 
condenser, were placed 0.5 g. of eC-ureidooC.""Phe^ylsicetamide 
( I I I ) along with 15 ml. sodium hydroxide solut ion (10 per 
c e n t ) . 5!he reac t ion mixture was refluxed for 2 hours and 
then allov^ed to cool and f i l t e r e d . The f i l t r a t e was 
ac id i f ied with hydrochloric acid (18 per cent) when a 
p r e c i p i t a t e was obtained. After keeping overnight i t was 
f i l t e r e d and dried when i t melted a t 174". On r e c r y s t a l l i s a -
t ion from alcohol (75 per cent)o^-phenylhydantoic acid (lY) 
was obtained as a colour less c r y s t a l l i n e substance rn.p.174.5-
175.5**, which gave no depression in a mixed melting point 
detennination with an authentic sample ofc<-.phenylhydantoic 
0 H N 
55.96 5.05 14.33 
55.66 5.19 14.43 
- 142 -
11 
acid. Pinner and Spilker reported m.p. 178" foroC-phenyl-
hydantoic ac id . 
Analysis: 
Pound: 
Calc . for GJI^QE^O^: 
The inf ra red spec t ra of the two samples of e^-phenyl-
hydantoic acid were s imi la r and showed peaks a t 2.9 /< and 
3.1 f^ in the -Mi s t reching region. These are to be 
ascribed to the -NH and -NHo groups-r In the carbonyl 
region the spectrum has one peak which can be assigned to 
the carbonyl of the -COOH group. The spec t ra of the 
authentic and the synthet ic samples were super-posable 
ind ica t ing t h e i r i d e n t i t y . Please see p l a t e No. t <|ttd"f(ior 
Infrared and Ul t rav io le t spec t ra r e spec t ive ly . 
(3) Synthesis of<»C-ureido-#(L~phenylacetamide ( I I I ) : 
An authent ic sample of«>C-ureido--o<-phenylacetamide 
( (<^phenylhydantoic acid amide) was prepared according to 
11 
the method of Pinner and Spilker . 
In a 100 ml. short-necked round bottomed f lask, were 
placed 1 g. of o^e-ureido-oC-phenylacetonltrile ( I I ) and 6 ml. 
U 3 -
of cone, sulphuric acid, ^he flask was shaken and cooled 
under the tap water, till the entire nitrile went into the 
solution. During the reaction, the temperature of the 
reaction mixture was not allowed to go beyond 35°. ^he 
reaction mixture was kept at the room temperature (35®) for 
another two hours and then it was allowed to stand in a 
refrigerator for six hours. 5)he coi4|ents of the flask were 
then poured into a beaker containing 90 ml. of ice-cold 
water. 5}he aqueous acidic solution was then placed in a 
refrigerator when white shining small needle shaped crystals 
were obtained, which were filtered and dried, ^hey weighed 
0»6 g. and melted at 206-208®, III was recrystallised from 
alcohol (75 per cent) after treating it with charcoal when 
«?C-ureido--oC-phenylacetamide (III) was obtained melting at 
222.5**. However, this product on further recrystallisation 
from alcoholj. water mixture melted at 217-218", 
Analysis: 
Pound: 
Calc.for CgH^^N-O^: 
(4) A mixed melting point determination of the «s<rureido-c<. 
phenylacetamide, obtained in the condensation reaction, with 
c H IT 
55.70 5,68 21.54 
55.95 5.74 21.75 
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the above mentioned authent ic sample gave no depression. 
(5) Infrared spectrum of the compound contains two peaks 
a t 3.05/M and 3.18/1 . These are to be ascribed -HH 
st reching v ib ra t ions of the amide group, The s p l i t t i n g of 
the band in to two ind ica tes a primary amide of the type 
R~GONHp. In the carbonyl region the compound has two bands. 
The one a t 5» | |K i s to be assigned to the normal ajaide 
v ibra t ions of R-OOKBo* '^^^ eecond of these a t 6.1 Au i s also 
to be assigned to the amide carbonyl probably associated to 
the subs t i tu ted urea E-lH-GO-NHp* The spectrum of the subs-
tance was i d e n t i c a l with tha t ofV'-ureido-pC-phenylacetamide 
prepared by a known method. Please see p l a t e No* ^ and 0o'M&r 
Infrared and Ul t r av io le t spec t ra r e spec t ive ly . 
I den t i f i c a t i on of the compound (V): 
The chemical and phys ica l cha r ac t e r i s t i c s of the 
compound (V) melting a t 184'-185*' with molecular composition 
GgHgNpOp agreed with the p roper t i e s and s t ruc tu re of 
5-phenylhydantoin. %e melt ing points reported for t h i s 
77 
compound show considerable v a r i a t i o n . Dakin reported 
m.p. 184-185**, Pinner^^ 178*», Bergs'*^ n S " and Klosa®'' 181-
183°. However, the melting point recorded in the present 
work i s in agreement with t h a t reported by Dakin i,e« 184-185". 
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Iden t i ty iyL5-ph.en5^liydantoin was establ ished as 
follows: 
(1) A mixed melting point determination of the synthet ic 
5-phenylhydantoin with tha t obtained in the present condensa-
t ion reac t ions gave no depression. 
(2) n}he Infrared-spectrumjOf the sample has one peak a t 3 .08 /^ 
and i s to be ascribed to ^^gSH s t reching frequency in the 
carbonyl region. Inhere a r e two bands at 5 . 7 / t and 5 . 8 5 / ^ . 
^hese frequencies:are to be' a t t r i bu t ed to amide carbonyl in 
five membered cycl ic system. By anology with other hjdan-
to ins the f i r s t of these may be a t t r i bu t ed to •tiie amide 
carbonyl a t the 4j:^ositioni 'i'he two spec t ra wsz are super-
posable, peak to. ^ a k e s t ^ l i s h i n g the i d e n t i t y of the sample 
with the authentltj sample of 5-phenylhydantoin. Please see 
p l a t e No*© andj^for Infrared and Ul t rav io le t spectra r e spec t i -
vely . 
( 3 ) . Synthesis of 5-phenylhydantoin (V); 
5-phenylhydantoin was prepared according to the method 
of Hakin'"^. 
( i ) o^~phenylhydaiitoic acid: 
In a 150.mi. round-bottomed f l a sk , f i t t e d with a 
ref lux condenser, were placed 10 g. of dl-phenylglycine 
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and 10 g, of f i n e l y powdered potass ium i socyana te 
d i s so lved i n 75 ml . of w a t e r . The r e a c t i o n mixture was 
hea ted on a h e a t i n g mant le and r e f luxed f o r 40 minu tes . At 
the end of t h i s p e r i o d the r e a c t i o n mix ture was cooled and 
f i l t e r e d . The p a l e ye l l ow f i l t r a t e was a c i d i f i e d wi th concen-
t r a t e d h y d r o c h l o r i c a c i d when«i£-phenylhydantoic acid (IV) 
( o < - u r e i d o - e ^ - p h e n y i a c e t i c a c i d ) was p r e c i p i t a t e d . Af te r 
f i l t r a t i o n , washing and d ry ing i t weighed 11»5 g. and melted 
a t 172-172.5** wi th decompos i t ion . I t was p u r i f i e d by r e c r y s -
t a l l i s a t i o n from a leoh61 wa te r mix ture when the pure 
compound (IV) was ob ta ined v*iich mel ted a t 174.5-175.5*' with 
decompos i t ion-
A n a l y s i s : 
Pound: 
C a l c . f o r OgH^QNgO,: 
( i i ) G y c l i z a t i o n ofciC-Phenylhydantolc Acid ( IV) ; 
In a 150 ml . round-bottomed f l a s k , f i t t e d with a 
r e f l u x condenser were p laced 10 g . ofe£-phenylhydantoic ac id 
with 100 ml . of h y d r o c h l o r i c a c i d (10 p e r c e n t ) and the 
r e a c t i o n mix ture was r e f l uxed on a h e a t i n g mantle for two 
G H N 
55.55 5.40 14.31 
55.66 5.19 14.43 
c H If 
60.92 4o45 15.49 
61.36 4.58 15.90 
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hours. After the reaction was over the flask was allowed to 
stand overnight at the room temperature when 5-phenylhydan-
toin separated which was filtered, washed and dried when it 
weighed 8.2 g. and melted at 179.5-181". The product on 
recrystallisation from alcohol melted at 184-185**. 
Analysis: 
Pound: 
Gale.for CQHgF202 5 
Identification of the compound (VI) - Diphenylhydantil; 
fhe compound (VI) melting at 328-334" with molecular 
formula C-QH^-O.N. was identified as diphenylhydantil for 
which Gabriel has reported that the melting point was not 
Q-I 
constant and varied between 336-338", Klosa reported m.p. 
343-3450 for diphenylhydantil. In the present work also 
similar variations were recorded. In some of the prepara-
tions the compound melted with decomposition at 324 and in 
others at 332", However, purified samples melted at 328-
334" with decomposition. 
Confirmation of the identity of diphenylhydantil was 
obtained on the basis of the following facts. 
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(1) In a mixed melting point determination with an authentic 
sample of diphenylhydantil no depression was observed. 
(2f The infrared spectrum of the (^/Kf^oimd had a strong -HH 
streching v ib r a t i ng a t 3«15/* . Ihe two peaks a t 5»95 A* and 
5«6|ijH are to be a t t r i b u t e d to the imide carbonyls in the 
five membered cyclic system. Such s p l i t t i n g of amide 
oarbonyl frequencies has been observed with other hydantoins atis 
a l s o . The spectrum was superposable on tha t of an authentic 
sample of diphenylhydant i l . Please see p la t e JSTo. 8 and^for 
Infrared and I | | | t raviolet spec t r a r e spec t ive ly . 
(3) Degradation of Diphenylhydantil (YI); 
Diphenylhydantil was subjected to degradation accord-
83 ing to the method of Gabrie l . 
In a pyrex tube (6 inches long and 1«5 cm. in diameter) 
were placed 1 g . of d ipher^lhydant i l obtained from the 
condensation reac t ion , and 10 ml. of fuming hydrochloric acid. 
The tube was sealed and heated in a Carius furnace for six 
hours a t 155-165"• When the reac t ion was completed the 
furnace was allowed to cool down to the room temperature and 
the tube was taken out ca re fu l ly , cooled in an ice-bath and 
opened. The reac t ion mixture was poured in a f lask, cooled, 
f i l t e r e d and the p r e c i p i t a t e cons is t ing of benzoic acid was 
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removed. The crude benzoic acid was dissolved in alcolioL, 
charcoaled, f i l t e r e d and r e c r y s t a l l i s e d . I t then melted at 
122". In a mixed melting point determination with an authen-
t i c sample ofbenzoic acid i t showed no depression. 
^he ac id ic f i l t r a t e was evaporated to dryness under 
reduced pressure and the res idue was redissolved in water and 
neutrgi ised with sodium hydroxide so lu t ion (15 per cen t ) . A 
p r e c i p i t a t e was then obtained which was f i l t e r e d , washed with 
acetone to remove the colouring matter and then washed with 
cold water when dl-phenylglycine (XV) v/as obtained vhich 
115 
melted with decomposition at 262**. Ste iger has reported 
decomposition range for dl-phenylglycine from 270-280*' with 
shrinking at 258". 
IT^Ace tylpheny Ig lyc ine . 
The i d e n t i t y of phenylglycine was confirmed by i t s 
conversion in to H-acetyl d e r i v a t i v e . 
In a g lass stoppered t e s t tube was placed, phenyl-
glycine 30 mg., obtained from the above degradation, along 
with 1 ml. of sodiijm hydroxide solut ion (20 per cen t ) . To 
t h i s mixture was added 1/2 ml. of ace t ic anhydride in small 
port ions with vigorous shaking and constant cooling. The 
tube was fur ther shaken for 40 minutes. At the end of t h i s 
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period the mixture was acidified with hydrochloric acid. The 
solution was filtered and allowed to stand in a refrigerator 
for 4 days when F-acetylphenylglycine was obtained, which was 
filtered, washed and dried when it melted at 193.5-194.5® and 
showed no depression in a mixed melting point determination 
with an authentic sample. Melting point reported in the 
literature for H-aeetylphenylglycine is 198.5**. 
(4) Synthesis of Mphenylhydantil (VI); 
An authentic sample of dipheiaylhydantil was prepared 
8*5 
according to the method of Gahriel • 
In a 25 ml.flask fitted with a reflux condenser, was 
placed 1.5 g. of 5-phenylhydantoin. '-^'o this 6 ml. of acetic 
acid containing 0,5 ml. (0,8 g.) of bromine were added. The 
flask was heated in a boiling water bath with occasional 
shaking. The 5-phenylhydantoin was completely dissolved 
within 2 minutes after the heating was started. On further 
heating the colour of the solution changed from dirty red 
to pale yellow. After 5 minutes heating diphenyl-hydantil 
started separating from the reaction mixture. The heating 
was further continued for 10 minutes with occasional shaking 
to complete the reaction, ^he flask was then cooled and the 
diphenylhydantil obtained was filtered waiihed and dried. It 
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melted at 332-334" with decomposition. The diphenylhydantil 
(VI) obtained hehaved exactly in the same manner as that 
obtained in the condensation reaction with respect to solu-
bility and melting point. 
(5) Dimethyldiphenylhydantil (VII); 
Diphenylhydantil (VI) was converted into its dimethyl 
derivative according to the method of Gabriel . 
In a 25 ml. flask, fitted with a reflux condenser, 
were placed 0.45 g. of diphenylhydantil obtained by the 
condensation of #C-bromo-gC-phenylacetonitrile with urea, and 
0.07 g. of sodium metal dissolved in 3.5 ml. methyl alcohol. 
To til is solution 6 ml. of water were added and then methyla-
tion was carried out by the addition of 0.5 ml. of freshly 
distilled methyliodide. ^he flask was heated on a water bath 
and refluxed for 10 minutes when dimethyldiphenylhydantil (VII) 
precipitated. The refluxing was continued for further 20 
minutes and then cooled. The precipitate was filtered, 
washed and dried when it weighed 0,25 g. and melted at 308-310® 
with decomposition. It was observed that at the time of melt-
ing there was formation of an air bubble, at the bottom of 
the capillary which caused effervescence when the melting 
occured. This fact has also been reported by Gabriel . The 
- 152 -
G 1 H H 
65. 75 4.77 14.60 
65 . 48 4.80 14.81 
dimethyldiphenylhydantil was found insoluble in most of the 
organic solvents but slightly soluble in nitrobenzene. The 
crude dimethyldiphenylhydantil melting at 508-510° was puri-
fied by dissolving it in an excess of nitrobenzene when a 
crystalline product was obtained, melting at 515-515* with 
decomposition. 
Analysis: 
Pound: 
Gale.for C^QE^Q^.O.: 
The diphenylhydantil synthesised from an authentic 
sample of 5-phenylhydantoin was also converted into its 
dimethyl derivative in the same manner and the dimethyl-
diphenylhydantil thus obtained when crystallised from 
nitrobenzene melted at 515-517°. 
Analysis: 
Pound: 
Calc.for 020^^3^.0.: 
(6) The Infrared spectrum of the compound contains a single 
sharp band at 5.0/^ indicating the presence of an -SH group. 
The doublet in the carbonyl region at 5.7 A and 5.9A- can be 
c H N 
65.55 4.86 14.71 
65.48 4.80 14.81 
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read i ly assigned to the two amide carbonyls in the system 
-G-ll-0- . The spectrum of the compound was iden t i ca l with 
It tt 
0 0 
that of the authent ic specimen. Please see p l a t e No. 10 
Iden t i f i ca t ion of the compound (VII I ) : 
The compound (VIII) melting at 118.5° with molecular 
formula CgHgO- was ident i f ied as mandelic ac id . Ident i ty of 
t h i s acid was confirmed by the follovving s t u d i e s : 
(1) The mandelic acid obtained melted sharply a t 118.5" and 
gave no depression in p ifired melting point determination with 
an authentic sample of the VI I I . 
(2) l e u t r a l i s a t i o n equivalent of the acid was found to be 
151 which i s in close agreement with the ac tua l value of 152. 
(3) The Infrared spectrum of the product has one band at 
3*0 M v/hich can be assigned to an -OH st reching vibra t ions 
in alcohols . I t has also a weaker band at 3>QM and i s 
assigned to the -OH streching vibra t ions of the carbonyl 
group. I^ he band a t 5«9/^ can be readily ascribed to the -CO 
streching v ib ra t ions in the carboxylic ac ids . The spectonim 
of the product was super-posable on -tiiat of the authentic 
sample of mandelic acid. Please see p la te No. 11 and/for 
Infl^lj^ed and Ul t rav io le t spec t ra respec t ive ly . 
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(4) Mandelic Acid Ani l ide; 
Mandelic acid an i l ide (HIBid e l ani l ide) was prepared 
according to the method of Bischoff and Y/alden 
In a t e s t tube 0.2 g. of the mandelic acid and 0.122 g, 
of freshljr d i s t i l l e d a n i l i n e , in the ratio;r{ of 1 to 1 mole, 
were placed. The react ion mixture was heated in an o i l 
bath a t 180-190° for 30 minutes a.M then cooled w?hen a sol id 
mass was obtained, This was dissolved in a lcohol , charcoaled, 
f i l t e r e d , concentrated and then d i lu ted with water . The 
c r y s t a l l i s a t i o n which thus s t a r t e d was completed by allowing 
the flask to stand overnight in a r e f r i ge r a to r . The shining 
p l a t e s formed were f i l t e r ed and dr ied , ^he mandelanilide 
obtained melted sharply a t 151" which agrees with the melting 
point reported by Bischoff and Walden (151°). 
Iden t i f i ca t ion of the compound (XI). 
The compound (XI) melting a t 158-159" with molecular 
formula C.gH.QO-, was iden t i f i ed as diphenylmaleic anhydride. 
Heimer and Mendelsfohn and Bartholdy"^ have reported 
85 
m.p.155° for diphenylmaleic anhydride while Heller reported 
R7 
m.p.157°« Korchak and Lissenko reported m.p.153**. However, 
in the present work m.p. 158*159" was observed for a sample 
purified by sublimation under reduced pressures. 
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Confirmation for the identity of diphenylmaleic 
anhydride was obtained on the basis of the following studies: 
(1) A mixed melting point determination of this compound 
with an authentic sample prepared from trans-oCI-dicyanostil-
bene gave no depression, 
(2) The Infrared spectrum of the substance has two peaks at 
5.55/^ and 5«75/H . This doublet can be readily assigned to 
a 5-membered cyclic anhydride conjugated to a double bond. 
These data are in accordance with the formulation of this 
substance as diphenylmaleic anhydride. Please see plate Fo.l5 
m 
and/for Infrared and Ul t r av io l e t spectra . 
I den t i f i c a t i on of the compound (IX) - trans.^*<||-'3}icyaaostilbene. 
The compound (IX) melt ing a t 161-162** with molecular 
composition ^^C^IQ^O ^^^ iden t i f i ed as trans-«Ci8-dicyanostilbene 
( «(,«<-Dicyanostilbene)* In the e a r l i e r l i t e r a t u r e the 
compound i s re fer red to as diphenylmaleonitr i le for which 
different melting points have been reported. Ssabanejew and 
Rakowski^'''^, 157**, Reimer^ 158", Wislicenus and Endres^^^ 
11Q 158~159° and Y.Braun ^ 160. In the present work trans-rfyS-
dicyanosti lbene obtained melted a t 161-162*'. 
Confirmation of the i d e n t i t y of the t r ans -»^ -d icyano-
s t i lbene was obtained on the bas i s of the following f a c t s : 
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(1) A mixed melting point determination of t h i s compound with 
an authentic sample of t r a n s - e^-dicyanost i lbene gave no 
depression. 
(2) The Infrared spectrum of the compound shows one band at 
4.5 /* which can be a t t r ibu ted to a C 3 If, s t reching vibra-
t ions of the n i t r i l e group. I t a lso contains a strong peak 
at 1 3 . 3 / ^ which i s to be a t t r i b u t e d to a C-H deformation in 
a mono-substituted benssene. '^he Infrared spec t ra of the two 
samples were superposable. Please see p la te No. 1? and ifor 
Infrared and Ul t rav io le t spec t ra respec t ive ly . 
(3) Hydrolysis with Hydrochloric acid in Acetic Acid to 
Piphenylmaleic Anhydride (XI): 
The dicyanosti lbene was hydrolysed according to the 
method of Hel ler^^. 
In a pyrex tube ( s ix inches long) were placed 0.2 g. of 
the trans-«t# -dicyanost i lbene in 12 ml. of g l a c i a l ace t i c acid 
and 4 ml. of fuming hydrochloric ac id . The tube was sealed 
and heated in an o i l bath at 200® (+ 3**) for f ive and a hal f 
hours. At the end of t h i s period the tube was cooled to room 
temperature and then kept in a r e f r ige ra to r overnight but no 
c r y s t a l l i n e product separated. The reac t ion mixture fai led 
to c r y s t a l l i s e even when ch i l l ed in an i c e - s a l t mixture. 
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Therefore, the tube was opened said the contents were trans-
ferred to an Erlenmeyer flask. The reaction mixture was then 
diluted with water when a brown precipitate was obtained which 
was filtered and the filtrate discarded. The precipitate was 
dissolved in sodium hydroxide solution (5 per cent) with 
slight heating. The alkaline solution was filtered and the 
yellow filtrate was treated with hydrochloric acid (9 per 
cent) when a precipitate was obtained which was filtered and 
washed with water. Ihe filtrate and aqueous washings were 
rejected and the residue was taken in hot alco]a#l, charcoaled, 
filtered, concentrated and crystallised from alcohol by the 
addition of water wfeen diphenylmaleic anhydride was obtained 
as a light yellow crystalline product which was filtered and 
dried when it melted at 158-159*. The product was recrys-
tallised from alcohol-water mixture (6:4) when the recrys-
tallised product melted at 158-159®. Melting point reported 
by G.Heller 157®. Its melting point could not be raised 
on repeated crystallisation. The diphenylmaleic anhydride 
obtained was found highly soluble in benzene, acetone and 
ethyl acetate* 
Analysis: C H 
Found: 76*69 4.08 
Cale.for G^gH^QO^: 76.79 4.03 
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(4) Hydrolysis of t r ans^ i^ -d i cya t io s t i l bene (IX) with Hot 
Alcoholic Potassium Hydroxide to Piphenylmaleio 
Anhydride (Xl) . 
t rans-e(^-dicyanost i lbene was subjected to a lkal ine 
hydrolysis with potassium hydroxide according to the method 
of Reimer®^. 
trans-i«Q^-Dicyanostilbene 0,2 g. was placed in a 50 ml. 
round-bottomed flask with 10 ml. a lcohol ic potassium hydroxide 
so lu t ion (10 per cen t ) . The n i t r i l e went in to the solut ion 
immediately on heat ing g iv ing ,a yellow colour. I t was 
refluxed on a bo i l ing water bath for 6 hours and then cooled 
but no so l id mater ial separated. I'he solvent was completely 
evaporated under reduced pressure and the residue was dissolved 
in water on heat ing and then p rec ip i t a ted with hydrochloric 
acid (10.per cen t ) . I t was cooled and the yellow p rec ip i t a t e 
f i l t e r e d . She f i l t r a t e was discarded. The residue was 
dissolved in alcohol , charcoaled, f i l t e r e d hot and concentrated. 
On cooling a c r y s t a l l i n e product was obtained, # i ich melted 
at 154-155°. On r e c r y s t a l l i s a t i o n i t melted at 158-159" and 
was found iden t i ca l with diphenylmaleic anhydride with which 
i t gave no depression in a mixed melting point determination. 
Please see p la te Ho. 13 for Infrared fifUctrum. 
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(5) Hydrolysis of Trans-^aCj^'^dicyanostinaene with Alcoholic 
Potassium Hydroxide in cold to Diphenylmaleinimide (X). 
t rans-^#*Dicyanos t i lbene was subjected to alkaline 
hydrolysis with potassium hydroxide according to the IDB thod 
70 
of Eeimer' . 
In a 50 ml. Erlenmeyer flask were placed 0,2 g. of 
trans-^l^dicyanostilbene and 10 ml. of alcoholic potassium 
hydroxide solution (10 per cent). The substance went into 
the solution, with occasional shaking, in about three hours 
and colour of the reaction mixture became yellow. It was 
allowed to stajid at room temperature for twenty days. At the 
end of this period the alcoholic solution was diluted with 
125 ml, of water and acidified with hydrochloric acid (10 per 
cent) when a precipitate was obtained which was filtered and 
mmHed with water. The precipitate was dissolved in alcohol, 
warmed, chareoaled filtered, concentrated and cooled when a 
light green crystalline product was obtained. It was 
filtered and dried when it melted at 215-216", This product 
when recrystallised from chloroform gave long greenish needles 
of diphenylmaleinimide (X), melting at 215-216". On gMfther 
recrystallisation from chloroform there was no increase in 
the m,p. 
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Analysis: C H H 
Found: 77.13 4.69 5.53 
Gale.for O^^E^^W^, ^ ^ ^ Q ^ ^^^^ ^^^2 
The inf ra- red spectrum of the compound has one peak 
at 2,9 M which can be ascribed to the 1-H streching vibrat ion 
of the imide group. In the carbonyl region the compoimd has 
bands at 5 .65 /^ and 5»BH • This doublet can be readi ly 
assigned to the - 0 = 0 s t reching vibra t ions in a five mem-
bered cyclic imide. The inf ra- red spectlsum i s consis tent 
with the s t r uc tu r e of the compound as diphenylmaleinimide. 
Please see p l a t e No.iT 
(6) Synthesis of t rans ' - i^ -Dicyanos t i lbene (IX) ; 
An authent ic san5)le of trans-«f^ -dicyanost i lbene was 
93 obtained by a modified method of Dodson aad Turner-^"^ in which 
oC-cyanobenzyl-p'-»toluenesulphoaate was used as an inteimedia-te 
instead of pC-cyanobenzyl-benzenesulphonateo 
( i ) Synthesis of oC-Gyanobenzyl«p-toluenesulphonate: 
In a 150 ml. Erlenmeyer fl^pc were placed 23.8 g. 
(0.125 moles) of p-toluenesulphonyl chloride with a solution 
of sodium cyanide 6,125 g. (0.125 mole) in 25 ml, of water 
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The react ion mixture was shaken and 12.25 g« (0,125 mole, 
12,62 ml.) of freshly d i s t i l l e d benzaldehyde were added, and 
the mixture was cooled in an i c e - s a l t mixture for three hours 
a t - 5 ° . At the end of t h i s period a semi-solid paste of a 
yellow coloured substance was formed. I t was then f i l t e r ed 
through suction while the temperature of the reac t ion 
mixture was very low. ^he semi-sol id residue was then 
immediately dissolved in 60 ml. of ice-cold mixture of alcohol, 
acetone and e ther ( 2 : 2 : 1 ) . The undissolved residue was 
f i l t e r e d off and discarded, '^o the clear yellow f i l t r a t e 
45 g* of ice was added with constant shaking when a yellow 
o i l separated from the so lu t ion , which was fur ther kept for 
s ix hours a t 0" , with occasional s h y i n g . At the end of 
t h i s period the o i l s t a r t ed c r y s t a l l i s i n g out and the solu-
t ion was kept overnight in a r e f r i g e r a t o r . ^-Cyanobenzyl-p-
toluenesulphonate was obtained as a c r y s t a l l i n e product 
which was f i l t e r e d , ^he f i l t r a t e was concentrated and a 
second crop of the product was co l lec ted . The t o t a l crude 
product weighed 9»2 g. The impure sC-cyanobenzyl -p - to luene -
sulphonate was dissolved in alcohSl, charcoaled and f i l t e r e d . 
The white c rys ta l l ine product which was formed was dried over 
anhydrous calcium chloride in a dess ica tor under vacuum, 
weighed 8.1 g. 
- 162 -
Thd dried product melted at 58-59*. 
Analysis: 0 H S IST 
F o u n d : 62*10 4.65 10.97 4.81 
Calc.for C^^ H^^ NSO :^ 62,71 4.52 11,14 4»87 
Z:':::':c For Infrared and Ultraviolet spectra please see 
plate No l^and 1^  . 
( i i ) Condensation of<||»^yanobenz.yl '^ p-toluenesulphonate; 
In a 100 ml. glass stoppered Erlenmeyer flask, were 
placed 5 g» (0,0164 moles) ofoC-cyanobenzyl-p-toluenesulpho-
nate with 25 ml. of alcohol. Into i t finely powdered 
potassium cyanide 1.07 g. (0.016 moles) was added with 
vigorous shaking, ^^ he potassium cyanide gradually went into 
the solution and the reaction mixture became yellow. It was 
then allowed to stand at room temperature for 15 hours with 
intern^ttent shaking. I t the end of this period the colour 
of the mixture became dark-brown and a solid settled down at 
the bottom of the flask which was filtered and discarded. The 
f i l t ra te was evaporated under reduced pressure to 20 ml. and 
then diluted with 200 ml. of water when a dark brown viscous 
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o i l separated, which became more viscous on cooling. The 
aqueous layer was decanted off and the viscous residue was 
dissolved in alcohol-acetone mixture (6:§) boiled and 
f i l t e r e d , '^ he insoluble residue was discarded and the 
f i l t r a t e was concentrated and cooled in a r e f r ige ra to r when 
t rans-as^-dioyanost i lbene («< , «C-dicyaaostilbene) was obtained 
as a white c r y s t a l l i n e substance which melted at 159-161,5*'. 
On r e c r y s t a l l i s a t i o n from the same so lven ts , i t melted a t 
161-162*'. 
Analys is : G H N 
Found: 83.90 4.36 11.61 
Calc.for G^gH^QN :^ 83,48 4.34 12.17 
(7) Action of Gold Concentrated Sulphuric Acid on trans-o<^ -
Dicyanosti lbene. 
In a 50 ml. Erlenmeyer flask were placed 0,2 g, of the 
dicyanosti lbene with 10 ml. of concentrated sulphuric acid . 
Immediately on the addi t ion of sulphuric ac id , colour of the 
reaction mixture began to change. In the beginning i t gave 
a greenish yellow colour which became in tense ly v io l e t within 
10 minutes of the addi t ion of sulphuric ac id . The substance 
gradually went in to the solut ion with shaking and the process 
was completed in 45 minutes. The react ion f lask was allov/ed 
164 -
to stand for 24 hours at the room temperature. At the end of 
this period the mixture was poured into a beaker containing 
150 ml. of ice-cold water. Immediately a brick-red amorphous 
precipit£+e "as thrown off which was cooled and filtered. The 
precipitate was dissolved in chloroform when it was observed 
that the precipitate consists of two products, one of red 
colour (XIl), highly soluble in chloroform and the second, 
yellow in colour (XIII), sparingly soluble in chloroform. 
This observation was contrary to that reported by Bertholdy and 
04. 
his associate in Aich they obtained diphenylmaleic anhydride. 
The above experiment was repeated several times but the same 
results were obtained, '^he same observations has been recorded 
QQ 
by Coe and h i s associa tes^ , The chloroform soluble red 
product a f t e r repeated c r y s t a l i i s | | | t i o n s from chloroform and 
methanol melted a t 127-128° and was iden t i f i ed as 3-cyano-2-
phenylindene-1-one (XII) reported e a r l i e r by Coe and h i s 
a s soc ia tes . 
The chloroform insoluble yellow product on repeated 
c r y s t a l l i s a t i o n from benzene, melted a t 234 to 235® and was 
ident i f ied as 3-carbamoyl-2-phenylindene-1-one (XIII) as 
reported by Coe and h i s a s soc ia t e s . 
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(8) 3'^ Q.yano~2*^ phen.ylindene-1-one (XII); 
(i) trans-^-DicyanostilTDene 5 g. was allowed to 
stand with 30 ml, of conc» HpSO. for fifteen hours with 
occasional shaking* At the end of this period the intensely 
violet coloured acidic solution was poured in ice-cold wrater, 
when the nitrile was precipitated. It was filtered, dried 
and dissolved in chloroform, charcoal and filtered. The 
filtrate was concentrated and crystallised when it melted at 
125-126,5*'. The compound was recrystallised from methyl 
alcohol to brick red crystals melting sharply at 127-128*. 
On further crystallisations the m.p. did not change. How-
ever, Coe and his associates" have reported m.p. for this 
compound 145°T 
Analysis: 
Found: 
Gale.for O^gHgNO: 
(ii) The Infrared spectrum of the substance has one band 
at 4,5M which can be assigned to the - 0 ^ 1 streching 
vibration of a nitrile group. In the carbonyl region the 
substance exhibits a strong band at 5.B/-«- . This can be 
c H S[ 
83*08 4,14 6.17 
83.10 3,92 6.06 
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ass igned t o an u n s a t u r a t e d f i ve membered c y c l i c k e t o n e . The 
a n a l y t i c a l va lue s and t h e spectrum of the product a re c o n s i s -
t e n t wi th the s t r u c t u r e of 3 -cyano-2-phenyl - indene-1-one . 
P l e a s e see p l a t e Ho.20 
( i i i ) P r e p a r a t i o n of 2 ,4-dini t rophenylhydBazone D e r i v a t i v e : 
3-cyano-2-phenyl indinone (0 .1 g . ) v?as t r e a t e d wi th 2 , 4 -
d i n i t r o p h e n y l h y d r a z i n e (0*1 g . ) i n 95 p e r cen t a l c o h o l . The 
mixture was hea ted t o "boil ing,on a wa te r b a t h . To the b o i l i n g 
s o l u t i o n 1.5 ml . of concen t ra t ed h y d r o c h l o r i c ac id was added 
when a red p r e c i p i t a t e was o b t a i n e d . Heat ing was f u r t h e r 
cont inued fo r f i ve m i n u t e s , cooled and f i l t e r e d . The r e s i d u e 
was thoroughly washed wi th 18 p e r cent hyd roch lo r i c a c i d and 
then w i th w a t e r . The 2 , 4 - d i n i t r o p h e n y l h y d r a z i n e d e r i v a t i v e 
when c r y s t a l l i s e d from benzene mel ted a t 286-.287''C. On 
r e c r y s t a l l i s e d from benzene i t gave f i ne need les of orange 
co lou r me l t ing a t 288-289® with decomposi t ion . 
A n a l y s i s : 
Pound: 
G a l e . f o r Q^^^^^O^i 
c \ H N 
63 . 67 3»21 17,15 
64. .13 3»16 17.03 
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( iv) Hydrolysis m t h Alcoholic Potassium Hydroxide in Gold: 
3-cyano-2-phenylindenone (0«2 g.) was added to a flask 
containing 20 ml, of 10 per cent alcoholic potassium hydroxide. 
'She reac t ion mixture was occasionally shaken when i t went into 
the solut ion within 5-7 minutes. The f lask was allowed to 
stand at room temperature for 2 months. Ihe reac t ion mixture 
was then d i lu ted with 150 ml. of water and the aqueous alkal ine 
solut ion was ac id i f i ed with 20 per cent hydrochloric acid t i l l 
the so lu t ion was acidic to congo red . A d i r t y greenish 
product separated which was cooled, f i l t e r e d and dried when 
i t melted a t 181-186". The product was f i r s t washed with 
10 per cent sodium bicarbonate and liien with 10 per cent sodium 
hydroxide solut ion and f i na l ly with water and dr ied . The 
compound was taken in ns thyl a lcohol , charcoaled f i l t e r e d , 
concentrated and c r y s t a l l i s e d by the addi t ion of water when i t 
melted a t 215-216® and was iden t i f i ed a# diphenylmaleinimide 
(X), 
Analysis : 
Found: 
Calc.for i^gH^^O^H: 
c H N 
77.68 4.51 4.25 
77.09 4.45 4.62 
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(•^ ) i^^SKSj^ -t» i|r4goly8e with Concentrated Hydrochloric Acid, 
3-cyano-2'*phenylindenone (0,2 g.) was t rea ted with 10 ml, 
of concentrated hydrochloric acid and refluxed for 3 hours. . 
The product was found completely insoluble in the acid. At 
t h i s stage 5 ml. of fresh, concentrated hydrochloric acid was 
added to the reac t ion mixture and fur ther refluxed for 1 hour 
but the substance did not d i s so lve , therefore , heating was 
stopped and the flask was cooled. The s c a r l e t red residue 
was f i l t e r e d and washed with water and dried when i t melted 
a t 126-127*. 
The product was charcoaled and c r y s t a l l i s e d from methyl 
alcohol, when the c r y s t a l l i n e product melted a t 127-128*'C and 
gave no depression in a mixed melting point deteimination. The 
microanalysis values also did not change. 
Analysis: 
found: 
Gale.for Q^^EMi 
G H N 
83*37 3.95 eu3 
83.10 3.92 6.06 
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(9) 3"Carbagioyl.-2"phenylindene-1"One (XIII) ; . 
( i ) trans-6^6-Dicyanostilbene (5 g.) was taken in 
30 ml. of cold concentrated sulphuric acid and allowed to 
stand at room temperature for 5 days. At the end of t h i s 
period the reac t ion mixture was poured in ice-cold water when 
a yellow p r e c i p i t a t e was obtained wfoich was f i l t e r e d and 
washed with s i x por t ions of 40 ml. chlarroform in order to 
remove the impur i t i e s . The yellow product was then crys ta l l i sed 
from methyl alcohol when long golden yellow coloured needles 
QO 
were obtained melting at 234-255*'. Ooe and h i s associates^ 
have reported m.p.225-227**. 
y s i s : G H F 
I'ound: 76.68 4»39 5.59 
Gale.for C^gH^^NO^: 77.09 4.45 5.62 
( i i ) The infrared spectrum of the compound has a 
doublet in the 2#85/^ and 2.9 M region which can be ascribed 
to the N.H s t rech ing frequency of the amide group and ind i -
cates a primary amide of the type -GOMp- In the carbonyl 
region the spectrum of the compound has again two bands, The 
f i r s t at 5 * 8 ^ which can be ascribed to an unsaturated five 
membered cyclic ketone. The second a t 6.0 At which could be 
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ascribed to the carbonyl s t reching frequency of the amide group. 
5^ he spectrum of the substance i s consis tent with the s t ructure 
3-carbamoyl-2-phenylindene-1-one. Please see p la t e Uo.21 
( i i i ) 2,4--dinitrophenylhydrazone Derivat ive . 
3-carbamoyl-2-phenylindene (0.3 g») was dissolved in 
20 mi. of 95 per cent alcohol by hea t ing . To the hot solution, 
approximately 0.2 g. of 2,4-dinitrophenylhydrazine was added 
and the react ion mixture again heated to bo i l ing on a water 
ba th . To t h i s 1*5 ml. of concentrated hydrochloric acid was 
added when a c r y s t a l l i n e product of s ca r l e t red colour separa-
ted in the form of round shiny p l a t e s . The c r y s t a l l i n e phenyl-
hydrazone was f i l t e r e d , washed well witn d i lu t e hydrochloric 
acid and water. When dried i t melted at 288-290®. 
The phenylhydrazone was found sparingly soluble in 
most of the so lvents such as e thanol , methanol, benzene, carbon 
t e t r a c h l o r i d e , chloroform, acetone and pe t ro l e ther , therefore, 
i t was f ina l ly c r y s t a l l i s e d from a c e t i c acid in # i ich i t was 
found readi ly soluble on hea t ing . The c r y s t a l l i n e scar le t 
90 hydrazone melted at 291-292*'. Coe and h i s assoc ia tes have 
reported m.p.281-283**. 
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Analysis: 
Found: 
Gale.for C22H^50^F^: 
C 
61.36 
H 
3.66 16.42 
(iv) Attempt to Hydrolyse 3-carl)amoyl-2-phenylindinone 
with Concentrated Sulphuric Acid in ^old: 
3-Carbamoyl-2-phenylindenone (0,25 g.) was t reated with 
8 ml. of cone, sulphuric acid vtien i t dissolved immediately 
giving in tensely v i o l e t colour, fhe reac t ion mixture was 
occasionally shaken and allowed to stand for 24 hours a t 
room temperature. At the end of t h i s period the solut ion was 
poured in a beaker containing 75 ml. of ice-cold water. A 
yellow p r e c i p i t a t e immediately separated which was f i l t e r e d 
and dried when i t melted a t .230-232**. On r e c r y s t a l l i s a t i o n 
from methyl alcohol the product melted at 234-235" and there 
was no change in the mixed melting po in t . Therefore, the 
product was recovered unchanged and could notbe further 
hydrolysed to the corresponding acid by cold cone, sulphuric 
acid . 
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(v) Conversion of 3-carbainoyl-2~phenylindenone to Diphenyl-
maleinimide (X): 
3-Garbamoyl-2-phenylindenone (0.2 g) was dissolved in 
10 per cent a lcohol ic potassiiim hydroxide and allowed to stand 
a t room temperature for 5 days with occasional shaking, -^^ he 
colour changed from yellow to red during the course of reaction, 
^he a lka l ine solut ion was f i l t e r e d and the red f i l t r a t e was 
di luted VWLth 150 ml. of water and ac id i f i ed with hydrochloric 
acid t i l l acidic to congo red when a greenish yellow coloured 
p r e c i p i t a t e was obtained. The product was c i y s t a l l i s e d from 
methyl alcohol-water mixture when l i g h t greenish needles were 
obtained melting a t 215-216* and i den t i c a l with diphenyl-
male inimide (X). 
(vi) Conversion of 3-carbaHioyl-2-phenylindenone to Diphenyl-
maleic anhydride (XI): 
» 
3-Carbamoyl-2-phenylindenone (1.0 g.) was taken in 30 ml. 
a lcoholic sodium hydroxide solu t ion , '^he reac t ion mixture was 
refluxed for 4 hours , cooled to room temperature, and diluted 
with 200 ml. of water , '^he a lka l ine solut ion was f i l t e r e d 
and the f i l t r a t e then acidif ied with hydrochloric acid t i l l 
d i s t i n c t l y ac id ic to congo red, when a l igh t yellow p rec ip i -
t a t e was obtained which was f i l t e r e d , washed with 50 ml. 
por t ions of water four times and dr ied when i t melted at 144-
14 i .5 ° . Thej'^  product was c r y s t a l l i s e d from methanol-water when 
a l i g h t yellow c r y s t a l l i n e product melting at 157-158.5® was 
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obtained, ^his was again dissolved in methanol, charcoaled 
f i l t e r ed and r e c r y s t a l l i s e d from methanolnwater when almost 
a white c r y s t a l l i n e product was obtained melting a t 158-159". 
The product was found iden t i ca l with diphenylmaleic anhydride 
as indicated by mixed melting point determination and super-
posable Infrared spec t r a . 
(10) 2-Phenylindene"1~one~3-carboxylic Acid (XIY). 
3-Garbamoyl-2-phenylindenone 0»2 g. was refluxed with 
1.1 
10 ml. of cane, HGl for four hours . he compound was 
insoluble in hot conc» HGl but the colour of the product 
gradually changed from yellow to red during the process of 
refli ixing. At the end of t h i s period the flask was cooled 
and the product f i l t e r e d , washed with water and dried when 
i t melted at 189-191«5°. I t was pur i f ied by dissolving in 
5 io cold sodium bicarbonate , '-^ h^e aqueous so lu t ion was washed 
several times with e ther and chloroform to remove soluble 
impuri t ies then charcoaled f i l t e r e d and ac id i f i ed with HGl 
when a red p r e c i p i t a t e was obtained. % i s was soluble in 
most of the organic solvents and was c r y s t a l l i s e d from 
benzene when c r y s t a l l i n e red needles were obtained melting 
a t 205-206°. 
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( T H 
76, .96 4.38 
76, .79 4,03 
Analysis : 
Pound: 
Gale.for O^gH^QO-: 
Please see p l a t e Fo. 22 for the Infrared spectrum of 
the acid* 
This i s a known acid which was f i r s t reported by 
Eamart^^ in 1930. 
However, Goe and h i s assoc ia te could not obtain t h i s 
-compound by the hydrolysis of 3-carbamoyl-2-phenylindenone 
with alcoholic potassium hydroxide, constant boi l ing hydro-
chlor ic acid or n i t rous ac id . 
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